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PREFACE. 



The author's purpose in preparing this work has 
been to furnish an elementary text-book on Physics, 
that should enable pupils to become thoroughly famiKar 
with its rudimentary principles, rather than to make an 
exhaustive study of the subject for advanced students 
or specialists. Great care has been taken to insure 
correctness, and it is hoped that the book will be found 
accurate. Should any errors have escaped attention, 
the author will be glad to receive notification of them 
for correction before future editions are published. 

September, 1894. 
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SUGGESTIONS FOR TEACHERS. 5 

Two note-books in the laboratory may be kept, — one a cheap rough 
one, in which abbreviations may be freely allowed, and detailed com- 
putations made ; the other should be carefully written out as an ex- 
ercise in both Physics and English, no abbreviated language being 
allowed, except in head-lines and in table work. No leaves should 
be torn from either note-book. Neither note-book should be taken 
from the laboratory between the hours of work, and both should be 
preserved. The lead pencil used in writing the second note-book 
should be carefully selected as to hardness, not being so soft that 
the lead on slight rubbing soils the page, nor so hard that the 
writing is read with difficulty. Sections of the apparatus used 
should be inserted, and a definite system of arranging the data 
adopted. Suggestions in respect to these and other points will be 
found in laboratory manuals. 

6. Secure a copy of the report of the " Committee of Ten," and 
sets of questions used by the universities in examining candidates 
for admission upon the subject of Physics. 

7. Visit! some secondary school which has a good physical labora- 
tory ; also the physical laboratory of the nearest university. 

8. Read carefully Section I. o*f the Appendix before proceeding 
far in the text. 

9. Allow the pupils to assist you in making apparatus, or, better 
still, assist them in making their own apparatus. 

.10. Have confidence in your own integrity and ability. Do not 
underestimate your work. Do not overestimate it. Be ready to 
learn from any source, but do not take every new thing offered. Be 
a progressive conservative. 

11. Do not be afraid to confess, in answer to questions, that you 
do not know, but inform yourself at once if the information is worth 
the seeking. Do not allow useless questions to take up time, and in 
general allow no questions, except upon the subject in hand. You 
will accomplish more by taking up matters in proper order. 
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ELEMENTS OF PHYSICS. 



CHAPTER I. 
INTRODUCTION. 

Anything which occupies space is matter. 

Exp. 1. — Invert a tumbler and press it downward into a dish of 
water. The water does not enter and fill the tumbler, because the 
space is already occupied by air. 

Exp. 2. — Float a short piece of candle on cork in water. Light 
candle and cover with inverted tumbler. What very soon happens ? 

Matter may exist in an inyisible state, but as all 
visible matter is not the same kind of matter, so all 
invisible matter is not the same kind of matter. The 
tumbler full of invisible matter in which the candle at 
first burned was certainly very different from the invis- 
ible matter in which at last the candle would not burn. 
Students who have studied chemistry will remember 
that most gases are invisible. 

A substance is some particular kind of matter; as, salt, iron, 
marble. 

A body is some definite portion of matter; as, a ball, a table, a 
stone. 

A Force is a pnsh or a pull exerted upon anything. 
The force exerted by animals is called muscular force. 
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GENERAL PROPERTIES OF MATTER. 



CHAPTER IL 



GENERAL PROPERTIES OP MATTER. 



Exp. 3. — Measure the length, hreadth, and thick- 
ness of a piece of wood of right-angled cross section, 
and find its volume (space occupied) with reference 
to some standard miit, as the centimeter or inch. 

Exp. 4. — Measure with a pair of calipers the diam- 
eter of a cylindrical solid (as piece of round molding), 
and find its volume. [Appendix, Section II. ] 

Exp. 5. — Measure the diameter of a sphere (large 
marble or celluloid ball) with calipers, and find its 
volume. 

Exp. 6. — Measure with calipers the inside and 
outside diameters of a hollow tube of iron or brass. 
Measure also the length, and find the cubic centi- 
meters of iron or brass in it. 

Extension is that property of matter by 
which it occupies space. The space oc- 
cupied by a body is called its volume. 
Extension has three dimensions — length, 
breadth, and thickness. Without these 
three there can be no extension in the 
sense in which we speak of it as a prop- 
erty of matter. Mere surface includes no 
matter. [To find the extension of an "irreg- 
ular " solid, see Exp. 74.] 

Exp. 7. — Over a lighted candle, burning without 
smoke, hold a cold, wide-mouthed glass bottle. What 
do you observe gathering upon the cold bottle ? 
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8 ELEMENTS OF PHYSICS. 

Examples of other forces will appear as we study the 
various causes of the "pushes" and "pulls" observed 
in nature. 

Work is overcoming resistance. 

Energy is the ability to do work or to overcome 
resistance. 

Physics treats of matter and force, or of matter as a 
medium for the operation of energy. In the restricted 
sense of school text-books, Physics does not treat of 
matter as related to life (biology) nor of changes in 
matter which alter its atomic condition ; that is, which 
make the particular kind of matter a different kind of 
matter, or make out of it different substances (chem- 
istry). It does, however, take note of the force or 
energy accompanying such changes. It leaves to min- 
eralogy the study of minerals ; to geology, the study 
of the earth's structure and physical history; and to 
astronomy, the study of matter considered as related to 
that community called " heavenly bodies," of which the 
earth as a planet is one. Other subjects upon which 
school text-books are written might be mentioned. In- 
deed, all related " studies ' ' are continuously running 
beyond their own boundaries and trespassing upon one 
another's territory. 
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CHAPTER 11. 



GENERAL PROPERTIES OP MATTER. 



Exp. 3. — Measure the length, breadth, and thick- 
ness of a piece of wood of right-angled cross section, 
and find its volume (space occupied) with reference 
to some standard unit, as the centimeter or inch. 

Exp. 4. — Measure with a pair of calipers the diam- 
eter of a cylindrical solid (as piece of round molding), 
and find its volume. [Appendix, Section II. ] 

Exp. 5. — Measure the diameter of a sphere (large 
marble or celluloid ball) with calipers, and find its 
volume. 

Exp. 6. — Measure with calipers the inside and 
outside diameters of a hollow tube of iron or brass. 
Measure also the length, and find the cubic centi- 
meters of iron or brass in it. 

Extension is that property of matter by 
which it occupies space. The space oc- 
cupied by a body is called its volume. 
Extension has three dimensions — length, 
breadth, and thickness. Without these 
three there can be no extension in the 
sense in which we speak of it as a prop- 
erty of matter. Mere surface includes no 
matter. [To find the extension of an "irreg- 
ular " solid, see Exp. 74.] 

Exp. 7. — Over a lighted candle, burning without 
smoke, hold a cold, wide-mouthed glass bottle. What 
do you observe gathering upon the cold bottle ? 
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ELEMENTS OF PHYSICS. 



Indestmctibility is that property which renders the 
annihilation of matter impossible. Chemistry teaches 
us that the water deposited upon the cold receiver 
comes from the burning of the candle (by the union 
of the hydrogen in the tallow with the oxygen of the 
air), and that "burning up" bodies is only changing 
the form of the matter composing the bodies. There 
is no gain nor loss of weight even in the most wonderful 
and violent forms of chemical reactions. There is no 
destruction of matter. 

Exp. 8. — Into a bottle through a doubly perforated rubber cork 

(or common cork previously soaked in melte4 
paraffine to prevent leakage) pass the tube 
of a small funnel and a "delivery tube" 
whose mouth opens under w^ater [Fig. 2]. 
Pour water into funnel and the air comes 
out of the delivery tube as the water runs 
in. Alternately close and open with finger 
the delivery tube and notice the effect. 




Figr. 2. 



Impenetrability is that property 
by which any portion of matter oc- 
cupies space to the exclusion of all 
other matter. No two bodies can occupy the same space 
at the same time. The needle does not penetrate the 
cloth in the physical sense at all ; that is, it does not 
occupy the same space as the cloth. It merely pushes the 
material aside. [But see Fig. 3, and comments as to 
the m^erpenetrability of bodies of matter.] 

Exp. 9. — Upon a piece of glass put a minute quantity of strong 
sulphuric acid. Cover with piece of gold leaf. Precisely opposite 
the acid on gold leaf place minute drop of water and a piece of wet, 
blue litmus paper. Upon paper put a small piece of glass, and add- 
ing carefully a weight, leave for a half-hour. The acid passes 
through the gold leaf and turns the litmus paper red. 
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Porosity is the property of having minute, invisible 
pores. All bodies, whether solid, liquid, or gaseous, 
have these pores, invisible even with the aid of the most 
powerful microscope. Some matter has visible pores 
and is called ^' porous,'^ but these pores are not the ones 
meant by the term porosity as a general property of 
matter. When we speak of porous material in general, 
we mean material having visible pores. 

Exp. 10. — Arrange three tumblers or wide-mouthed glass bot- 
tles. Fill the first even full with water. Fill the second with coarse 
shot (peas or other small spheres), and fill the third with water like 
the first after putting a solid glass " stirring-rod " into it. Into the 
first put carefully a teaspoonful of sand, into the second put sand, 
and into the third put slowly a teaspoonful of fine well-dried salt, 
stirring carefully as it is added. 

The phenomenon noticed in the first needs no explanation. The 
sand displaces its own volume of water, as it can not occupy the same 
space as the water, and the water is heaped up in the receiver. In 
the second the sand, although put into a dish filled with shot, mani- 
festly does not occupy the same space as the 
shot, but occupies part of the space between ^o(^o(^o(^ 
the shot. In the third case there is no appre- 0(^0(^0(^0 
ciable change in volume, and the teaspoonful ^^o(^o(^o(^^ 
of salt seems indeed to have penetrated the 0(^0(^0(^0 
water and occupied the same space. This, ^^o(^o(^o('^ 
however, is not the case, but the experiment 0(^0(^0(^0 
shows the porosity of water, and the molecules '^ o(^ o(^ o(^^ 
of salt pass into the spaces between the mole- ^ 

cules of water as shown in Fig. 3, in which 

the large circles represent the molecules of water and the small cir- 
cles the molecules of salt. [See Elements of Chemistry, last para- 
graph of page 12.] 

Porosity has been shown in many ways. Globes of 
silver, of gold, and of other metals have been filled 
with water, and pressure applied has forced the water 
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out through the invisible pores in the metal. In test- 
ing large guns the water under enormous pressure is 
forced through several inches of clean steel in which no 
holes can be seen with a microscope. Hollow vessels 
made of different material have been sunk into the sea 
to such great depths that the water driven by the great 
pressure from above has passed through the insensible 
pores of the material into the cavity within. 

Exp. 11. — Into a narrow test-tube partly filled with water lower 
a short piece of copper rod or large wire about eight centimeters 
long, by means of a fine thread attached to end of rod. Carefully 
mark the height of the water by mucilaged bit of -paper, set outside. 
Remove rod, and hammer thoroughly upon anvil. Dip into water 
to cool, that as much water may be carried back into test-tube as 
was removed by adhesion to rod. Return to test-tube. The water 
stands, if carefully observed, slightly lower than before, showing 
that the hammering has reduced the volume of the rod and not 
merely flattened it or changed its shape. 

Exp. 12. — Place the finger upon the bulb of a thermometer; the 
heat expands the mercury in the bulb, and the liquid rises in 
the tube. 

Compressibility is that property which enables us to 
reduce the volume of any given quantity of matter, 
and expansibility is the property which enables us to 
make a given quantity of matter occupy more space. 
These properties may be regarded as proofs of the 
porosity of matter, the pores being reduced in size by 
compression and enlarged by expansion. 

Exp. 13. — Select as fine a piece from a pulverized portion of com- 
mon salt as you can separate with a penknife. Place on glass, and 
put a drop of distilled water upon it. When it has dissolved, by 
means of a fine pointed glass rod, remove a small portion of drop 
(solution of salt) to another piece of glass, and slowly evaporate 
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to dryness. A thin film of salt is left, containing perhaps one- 
twentieth of the original piece of salt selected. This may be again 
dissolved, and the dissolving and separation may be repeated several 
times. 

Exp. 14. — Weigh out one milligram (or take an 
indefinite but minute quantity) of potassium per- 
manganate well dried. Measure carefully from grad- 
uated beaker (** graduate ") five cubic centimeters 
(cu. cm.) of distilled water, and dilute with measured 
water as long as color can be perceived when com- 
pared with pure water. By means of a graduated 
burette (Fig. 5) (or by simple pipette and "graduate") 
find how many drops of the liquid are contained in 
one cubic centimeter. Estimate the weight of potas- 
sium permanganate contained in one drop (or the fractional part of 
the whole quantity at first taken contained in each drop). 




Fig. 4. 



Divisibility is that property by which any portion of 
matter may be indefinitely divided. We never have 
made a portion of matter so small by division 
but that it could be made smaller. 

The most wonderful examples of divisibility are found in 
those substances that affect the sense of smell. A grain of 
musk will send out particles in all directions, appreciable 
to the sense of sm.ell, and for a long time there is no pei^ 
ceptible loss of weight. We can scarcely conceive how 
small each one of these millions of particles must be. Theo- 
retically, the division of matter must stop at the atom, beyond 
which there can be no further division. The molecule is the 
physical limit of divisibility. [See Elements of Chemistry, 
page 10, note.] As the science of astronomy leads us out 
farthest toward the infinite in the immensities of its distances, 
so, on the other hand, Physics in its teachings concerning the 
construction of bodies of matter leads us towards an opposite 
infinity. For instance, in the minute piece of salt selected pig. 5. 
In Exp. 13, there are, so the physicists tell us, many billions 
of molecules, and the spaces or pores within the piece of salt are 
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together equal to a far greater space than that occupied by the 
molecules themselves. 

Exp. 15. — Roll a ball perpendicularly against an obstruction, and 
then obliquely against an obstruction. 

Note. — Two sleepers were uncoupled from the overland train on 
the top of " Tehachapi Hill" with the brakes loosely set, and in the 
face of a fierce wind. They soon started backward down the steep 
grade, and jumping the track after a run of two miles, piled passen- 
gers and broken timbers in a heap together against an embankment. 
Did the two sleepers start themselves ? Did they stop themselves ? 

Inertia is that property which renders any body of 
matter incapable of setting itself in motion, or of " stop- 
ping itself " when in motion, or of changing the direc- 
tion of its motion. It is the property of passiveness. 
[See First Law of Motion.] 

Note. — Bodies unsupported fall to the earth. 

Orayitation is that property or force by which any 
two bodies of matter, whether near or far apart, attract 
each other. 

Weight is the tendency of a body to fall to the earth in a vacuum. 
Unless otherwise mentioned, or readily inferred from the connection, 
the body is supposed to be upon the earth's surface. "Weight in 
air" and "weight in water" are convenient expressions, but are not 
expressive of true weight. The force of gravitation exerted between 
the earth and bodies upon its surface is often called "gravity." 
Many writers use weight and "gravity" as synonymous terms, but 
except at the poles the terms are not strictly so. In a wide and 
astronomical sense we speak of the "weight upon Jupiter," etc. 

Mass is the quantity of matter contained in any body. The 
masses of different bodies are proportional to their weights, the 
bodies being weighed at the same place, 

§ 

Exp. 16. — Place a brass weight in one pan of the scales and bal- 
ance (1) with lead, (2) with wood, (3) with cork, and observe volume 
of each needed. 
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Density refers to both mass and volume. Of two bodies haying 
the same mass (determined by weighing at the same place), that 
which has less volume has the greater density. Of two bodies hav- 
ing the same volume (colloquially called bulk), that which has the 
less mass has the less density. Compare the density of brass and 
lead. Which has greater density ? [See Chap. V.] 

Law of Grayltation. The attraction between any two 
bodies varies as the product of their masses^ and inversely 
as the square of the distance between their centers of 
mass. 

We often speak of the larger body's attracting the smaller, as the 
earth the apple, without thinking at all of the fact that the smaller 
body also attracts the larger, and with equal force. For example, in 
Fig. 6, let B represent a body having just four times the mass of A, 
Each quarter of B may be considered 
separately as attracting A, and as being 
equally attracted by ^. As " one times 
four" is equal to four times one, the B 
"pull" of A upon B is just equal to 
the " pull " of B upon A. Under the Fig, 6. 

influence of this "pull," however, A 

will move four times as rapidly as will B, provided each body is free 
to move. 

We may illustrate again by two boats, the larger containing a 
man, and one very much smaller containing a boy. Let the man 
and boy pull the boats together by a single rope. Manifestly the 
man pulls just as hard as the boy, and the boy just as hard as the 
man, for they hold opposite ends of the same rope. The larger boat, 
however, moves through the water very much more slowly than the 
smaller. 

So the earth moves to meet the falling apple; but on account of 
its immense mass as compared with the apple, this movement is so 
little that it can not be measured, though it may be expressed mathe- 
matically by a fraction too small to present any definite meaning to 
the mind. 
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The Law of Gravitation may be stated mathemati- 
cally, A, B, C, and D being any four bodies, attracting 
in couplets respectively as follows : — 

att. bet. A and B : att. bet. C and D : : 

mass A times mass B mass C times mass D 
(distance A from B)^ (distance C from D)^ 

With reference to two bodies, A and B, attracting a 
third body, C, the comparison may be made without 
considering the mass of C, as this is a common factor in 
the second ratio, and the law becomes, — 

. . A . , T> mass A mass B 
att. A : att. r> : : : . 

(dist. A)2 (dist. B)2 

Example. — A planet, A, with a mass of 200 million tons Is 100 
million miles from the planet C, while a planet, B, with a mass 
of 400 million tons, is 200 million miles from C. Which planet, A 
or B, attracts C with greater force, and with how much greater force ? 

Substituting in proportion above, we have, 

... ,, ^ 200 400 

att. A :att. « : : -^^ . -j^^- 

Reducmg one term of the second ratio to unity, we have, 

att. A; att. B: :2 :1; 

that is, the attraction of A upon C is twice as great as the attraction 
of B upon C. 

From this solution we may learn that, other conditions remaining 
the same, if we double the mass of any body, we double its attraction 
for any other body, but if we double its distance from another body, 
we decrease its attraction for that body to one-fourth of its former 
amount. 

If we compare the attraction of the same two bodies at two differ- 
ent distances from each other, mass becomes a common factor in the 
second ratio and our proportion becomes, 

att. at let dist. : att. at 2d dist. : : ., ^ ,. ^ .^ : ._, ,. ^ ><» • 

(1st dist. )2 (2d dist. )2 

Freeing the proportion from fractions, it becomes, 

, att. at 1st dist. : att. at 2d dist. :: (2d dist.)^ : (1st dist.)2. 
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Note. — Distances are measured from the centers of mass of the 
attracting bodies. Fig. 7 represents the weight, 
at different distances from the center, of a 
body weighing one kilogram at the surface of 
the earth. In this cut the earth is represented 
as of equal density throughout and with a 
radius of 4000 miles, which representations 
are only approximately correct. The weight 
is also given as though the earth were not 
rotating. 

Example. — A weight of 25 kilograms car- 
ried 6000 miles above the surface of the 
earth would weigh how much? 

Our last proportion, colloquially stated, 
becomes, — 

wt» here : wt. there : : (dist. there)^ : 
(dist. here)' 

Substituting we have, 

25 :x : : (4000 + 6000)2 ^ (4000)2. 

Finding the value of the unknown term, we 

have, 

a; = 4 kgms. Arts, 
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Fig. 7. 



A body weighs less below the surface of the earth because matter 
is left behind to " pull " it backward or upward. At the center of 
the earth's mass a body would weigh nothing, because it would be 
equally attracted on all sides. 
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CHAPTER III. 
SPBCIPIO PROPERTIES OP MATTER. 

. The most important of the specific properties of 
matter are mfalleability, brittleness, hardness, ductility, 
tenacity, elasticity and viscosity. To these may be 
added cohesion and adhesion, which are better studied 
as forces. Specific properties belong to some matter 
only but not to all matter. Many of them are not 
properly said to be possessed by liquids and gases at 
all. If, however, we consider some of these properties 
in minute and scarcely perceptible degrees, we might 
class them as general properties. The above list could 
be almost indefinitely extended. 

Exp. 17. — Place upon an anvil or other firm support small pieces 
of lead, antimony, tin, cast-iron, copper, and bismuth, successively, 
and hammer each. 

Malleability is that property of some matter which 
enables it be hammered or rolled into sheets. 

Brittleness is that property of some matter which 
causes it to be easily broken by a blow. Brittle bodies 
also break when suddenly bent beyond the "limit of 
elasticity." [See elasticity.] 

Exp. 18. — Wind a fine piece of copper wire ahout a nail and set 
two inches of the free end into a small vise with moderate firmness. 
Pull the wire out and repeat until the end is perceptibly lengthened. 

Exp. 19. — Kaise the center of a short piece of fine glass tubing 
to the red heat and suddenly draw out into a thread. 
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Ductility is that property of some matter which ren- 
ders it capable of being drawn out into wire. 

Unless otherwise stated, a ductile substance is one that can be 
drawn out cold ; as glass is not ductile, but red-hot glass is ductile. 

Exp. 20. — Take in couplets a common nail and a piece of glass, 
a piece of marble and a piece of quartz, pieces of any two kinds ot 
mineral, and find out which will scratch the other. 

Hardness is that property of some matter by which 
it resists scratching. 

In the science of mineralogy hardness is of great importance in 
classification. It is expressed in degrees from one to ten, according 
to the following scale : 1. Talc. 2. Gypsum. 3. Calcite. 4. Fluor- 
spar. 5. Apatite. 6. Feldspar. 7. Quartz. 8. Topaz. 9. Corun- 
dum. 10. Diamond. By comparison with this standard the hardness 
of any mineral may be ascertained. The color of the scratch upon 
a mineral is called its' streak. 

Exp. 21. — Break by pulling a very small copper wire. Do the 
same with a steel wire of equal size (determined by wire gauge). 
Hold one end by vise and fasten the other to a spring balance, 
observing carefully the force (estimated in lb. or kg.) needed to 
break each. 

Tenacity is that property of some matter which en- 
ables it to resist a force tending to pull it apart. 

Ductile bodies must be tenacious, but tenacious bodies may or 
may not be ductile. The tenacity of a substance is increased by 
drawing it into wire. Wire cables are stronger than rods of the 
same diameter. The weight which a wire sustains, that is, the pull- 
ing force, estimated in gravity units (lb. or kg.), which it is resisting, 
measures its tension, 

Exp. 22. — Compress a piece of soft rubber. Expand it moder- 
ately. Twist it moderately. 

Elasticity is that property by which a body tends to 
return to the same form or Yolame, when that iorm or 
volume has been changed by the application of «»ome 
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external force. Elasticity may be (1) of form or (2) 
of volume. Grases have no elasticity of form, neither 
have liquids, — except so far as globules have a ten- 
dency to remain such [see surface tension], — but many 
solids have both elasticity of form and of volume in 
a high degree. Elasticity is said to be 

(1) of Compression 

(2) of Expansion 

(3) of Torsion 

according as the body is compressed, expanded, or 
twisted respectively before it returns. Elasticity of 
Flexure includes compression on the concave side, and 
expansion on the convex side. Elasticity of Stretch 
includes linear expansion, and compression of the sec- 
tional-area disk. 

Exp. 23. — Upon a small marble slab spread a thin coat of oil, 
and place an ivory ball upon it. Drop the ball from a smaU height. 
Double the height and drop again. Notice the size of the three spots 
made upon the marble and the energy of the reboimd after balls have 
been compressed by collision with the marble. Kepeat the experi- 
ment with balls made of other material, as wood, lead, 
agate. 

Exp. 24. — Strike a steel anvil with a steel hammer and 
observe the prompt action of elasticity. 

Exp. 25. — Support a small, straight steel wire, about 

three meters long, from a firmly suspended vise, Fig. 8. Tie 

near its lower end a stiff bristle, wax contact and leave 

projecting end as pointer. Mark upon a fixed card fhe 

X)osition of pointer. Attach a small vise of known weiglit 

to end of wire, and mark card again. Double the weiglit 

2 by adding sand-bag of same weight as vise, and mark again. 

vite 8 '^^^ *^^ more sand-bags, and quadruple the weight. 

Remove weights in inverse order and observe pointer. 

(b) Measure carefully the graduations upon an ordinary spring 

balance. What force must be applied to produce twice the str&in 
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on spring? To produce three times the strain? Two and three- 
fourths times ? 

Exp. 26. — Take a steel wire two decimeters long, and with 
pincers turn at right angles a centimeter's length at one end. 
Fasten the other end in vise, and, twisting, observe the return force 
at different degrees. Do the same with wires of copper, brass, etc. 

Exp. 27. — Nearly close by fusion one end of a glass tube, and, 
boring hole in rubber cork, pass the closed end (upward) through it, 
and insert in flask (Fig. 9) containing a little clean water, 
so that the end of tube shall be beneath the water. Blow 
gently into the tube and remove mouth. Blow violently 
into tube. [Liquids are almost incompressible, as may be 
shown by filling the bottle full of water and trying to blow 
air in.] 

Exp. 28. — Fasten short strips of sheet brass, of steel, 
copper, and lead successively into a vise. First bend a Fig. 9. 
little, and afterward a great deal, and observe the return. 

Exp. 29. — Stretch a small rubber band until it nearly breaks, 
and, measuring, see if it returns completely. Compare the length of 
an old rubber band with one just from the box. 

Elasticity, like gravitation, is oftener treated as a 
force. This may be developed by compression^ expavr 
sion, or torsion. It is the force with which a body resists 
an attempt to change its form or volume by the appli- 
cation of an external force. The force applied to change 
form or volume is called stress, and the change produced 
is called strain. When a certain degree of strain is 
reached, the body does not return completely, if the stress 
is removed. This point is called the " limit of elasticity.'''^ 

Elasticity is developed in gases only by compression. They are 
very compressible, but liquids can be compressed so little that for a 
long time they were thought to be incompressible. [Exp. 50, 6.] 
Gases and Liquids, so long as they remain such, have no " limit" to 
their elasticity of compression, but if compressed, when the com- 
pressing force is removed, restitution both of volume and of force is 
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complete. On this account liquids and gases were called by the old 
physicists "perfectly elastic," but in the ^^ force ^^ sense of the word 
nothing is perfectly elastic. We still speak of liquids and gases as 
perfectly elastic, but only in this sense that restitution is perfect. 
Liquids and gases become more highly elastic as they become more 
compressed. Great extensibility or flexibility (limit of elasticity 
large) on the part of solids must not be confounded with great elas- 
ticity, though in a general commercial, literary, and even physio- 
logical sense this is done. Glass is highly elastic, though its limit 
of elasticity is soon reached. Rubber is very extensible and flexible, 
but not " highly elastic,'* the force with which it returns being mod- 
erate. A long-continued strain produces a permanent change of 
fonn (** set") even when the ordinary "limit of elasticity" has not 
been reached. Bodies possessing elasticity in a low degree, as lead 
and putty, are spoken of relatively as "inelastic." 

Exp. 30. — Try to bend a stick of sealing-wax. It breaks. Tie a 
moderately heavy weight to the center of another stick, and support 
each end. Observe what happens in a day or two. 

Tiscosityy as applied to solids, is that property of some solids by 
reason of which they may be slowly, but not rapidly, changed in 
form without fracture by a stress. Ice is viscous, as is proved by 
the " flowing " of glaciers around turns in their channels. Viscosity, 
as applied to liquids, is that property (due to cohesion and internal 
friction) which makes a liquid, as cold molasses, flow slowly. These 
liquids, being sticky (adhesive), are also called " riscid." 

Exp. 31. — Cut a lead bullet into two parts. Place the clean, 
smooth surfaces together. They do not cohere. Press the surfaces 
together firmly with twisting motion. 

Exp. 32. — Press two pieces of clean glass together firmly and 
raise the upper piece. 

Exp. 33. — Drop 20 drops of water slowly into a graduate (or 
narrow test-tube). Into another drop twenty drops of glycerine. 
Compare volume of each. 

Exp. 34. — Dip a piece of glass into water and remove it. 
Water adheres to the glass. Dip clean glass into pure mercury and 
remove. 
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That force which holds molecules together in appar- 
ent contact is called Cohesion if the action is between 
like molecules, and Adhesion if the action is between 
unlike molecules. 

No molecules are in actual contact (see heat). Variations in the 
cohesive force give to bodies of like molecules the specific properties 
above mentioned, and determines whether the bodies are to be solid, 
liquid, or gaseous. In general, variation in the cohesive force causes 
the molecules to move upon each other with difficulty in solids and 
readily in liquids. In gases the cohesion is "over-balanced" by 
other forces (heat, inertia of motion), the molecules having an 
apparent repulsion for each other, so that gaseous bodies tend to 
expand indefinitely. Cohesion and adhesion act only at exceedingly 
minute distances. 

Exp. 35. — Pour out into two beakers a little water, and into a 
third a globule of mercury. Put a small piece of salt into the first, 
and a clean shaving of zinc into the second and third. [Do not 
return mercury containing dissolved zinc to bottle, but pour into 
bottle of impure mercury]. 

Exp. 36. — Pour water upon mercury and remove by blotting- 
paper. 

Exp. 37. — Borrow from chemical laboratory hydrogen sulphide 
generator. Pour a little distilled water into bottom of deep bottle. 
Carefully pass through it a few bubbles of the gas, and, closing 
mouth of bottle, shake thoroughly. Pour the water into a bottle 
that it will fill, and put in stopple. Return generator, and after 
odor of escaped gas has gone examine water. That it has dis- 
solved some of the gas is evident. [One pupil may perform this in 
presence of class, all examining water]. [See Chemistry, Exps. 61, 
69, 75, etc., and for absorption of gases by solids. Chemistry, 
Exps. 47 and Appendix, Exp. 2.] 

Solubility and Absorption. A solid dissolves in a liquid when 
the adhesion between the molecules of the solid and the molecules 
of the liquid is greater than the cohesion between the molecules of 
the solid. Dissolving a solid in a liquid or absorbing a liquid by a 
solid is overcoming cohesion by adhesion. A solid is insoluble in 
a liquid when the cohesion between its molecules is greater than the 
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adhesion between its molecules and those of the liquid. An insol- 
uble solid is not even wet by a liquid the cohesion of whose mole- 
cules is greater than the adhesion between the molecules of the 
solid and liquid. A solid is wet by a liquid whenever adhesion is 
stronger than the cohesion either of the liquid or of the solid, and 
such a solid, if visibly porous, absorbs the liquid. When the solid is 
drawn into the pores of the liquid, we call it solution, but when a 
liquid or a gas is drawn into the pores of a solid, we call it absorp- 
tion. A liquid containing all of a solid that it will dissolve is 
called a saturated solution. 

Heat usually weakens cohesion more than adhesion, so that as 
a rule hot liquids dissolve more of a solid, and dissolve it more 
rapidly, than cold ones do. A ten per cent solution contains ten 
parts by weight to ninety of the dissolving liquid. That foul gases 
usually dissolve quite readily in water is an important hygienic fact. 
Solids often undergo positive chemical changes before or in dissolv- 
ing. About such solutions chemistry tells us. Some authors claim 
that there is a more or less decided chemical action whenever we 
make a solution of a solid in a liquid. 

Exp. 38. — Stand into a dish of water two clean glass tubes, one 
fine, the other coarser. Place similar tubes in a vessel of mercury. 
Examine carefully. Draw vertical section through tubes showing 
liquid surface plainly. 

The action of cohesion and adhesion where the sur- 
face of a liquid approaches a solid, especially the action 
of these forces in fine tubes and visible pores, is called 
capillarity. When the liquid wets the solid, the liquid 
is drawn upward in capillary tubes and pores and the 
surface is concave upward. When the liquid does not 
wet the solid, it is depressed or apparently repelled, and 
the surface is convex upward in the tubes. The same 
is true on the margin where surfaces of liquids in large 
tubes or receivers touch solids. A tube is not " capil- 
lary " unless the action reaches perceptibly the center 
of it. The finer the tube the greater the effect of this 
action. 
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A rough explanation may bfe given from section in Fig. 10. Let 
^D be the surface molecules along any level line of water or mer- 
cury in the glass tube as these molecules would lie 
if uninfluenced by capillarity. The molecule A, if 
water, is drawn against the glass and obliquely up- q 
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ward by adhesion more strongly than it is drawn J 
away from the glass and downward by cohesion, con- 
sequently it moves upward towards B and carries 
other molecules with it by the force of cohesion. 
The surface takes the shape Jf, and if the tube is 
capillary the center falls below the line AD, If pig. lo. 
^ is a molecule of mercury, it is drawn inward and 
downward by cohesion more strongly than it is drawn in opposite 
directions by adhesion, therefore it moves downward (and inward), 
and the surface takes the shape W. [See surface tension below]. 

Examples of capillarity are numerous: lamp wicks absorbing oil, 
towels wet at one end, dry pine plugs driven into drill-holes and wet 
for the purpose of splitting granite blocks, etc. Water will not flow 
from a tube by capillary action, but rises and evaporates at surface. 
Plowing and harrowing break up the fine pores into coarser ones, 
and, reducing the capillary action, make the ground retain better 
its moisture near the surface. 

Exp. 39. — Powder blue litmus and dissolve in water. Filter and 
let filtrate fall into a deep, wide test-tube. By means of thistle 
tube (long fine-tubed funnel) let a few drops of strong 'sulphuric acid 
sink to the bottom of the test-tube. Let liquids stand quietly and 
watch their diffusion. [ "Acids turn blue litmus red."] 

Exp. 40. — Fill a small bottle (mouth upward) with carbon di- 
oxide from generator borrowed from chemical laboratory. Test with 
slender lighted taper. The flame is extinguished. Leave bottle 
unstopped and test a half-hour later. Air is found in the bottle, 
the carbon dioxide having passed out by diffusion. [Chemistry, 
Exps. 51, 52, also 29, and comments.] 

Diffusion of Liquids depends partly upon adhesion and partly 
upon molecular motion, while Diffusion of Gases depends princi- 
pally upon molecular motion, the adhesive force being very minute. 
A liquid mixed with water is said to be diluted with water instead 
of dissolved in water. Some liquids will not, but all gases will, 
diffuse into one another. If undisturbed by outside forces, heavy 
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Hqnids do not f'fpraUy mix with light ones, nor heaTj gases equally 
with light one^ \>ee gn^ty battery and Chemistry, page 68, ^^ old 
wells.*'] 

Exp. 41. — Tie a piece of parchment paper (or of animal mem- 
brane) o\'f,T the end of a lamp chimney. Ponr into it about one 
inch deep a strong solution of common salt mixed with solution of 
gum arable, and immerse about an inch deep in a little distilled 
water in beaker. Leave over night. Remove chimney and test 
water in beaker by taste for salt and gum. Much salt and little gum 
lias passe^l through. 

Tlie diffusion of liquids through membranes is called osmose (the 
flow towards the increased volume end-osmiose and from the increased 
volume ex^OHinoHe). Crystallized substances (*' crystalloids") pass 
through membranes more readily than gummy substances C col- 
loids '*). Separating substances by osmose is called dialysis and the 
api^ratus w»i^A\ a dialyzer. Chemists separate crystalline poisons 
from the mucus of the stomach by dialysis before testing for them. 
Hap circulates through the membranes of lining cells by osmose 
rather than by capillarity. 

Kxi», 42. — Place a small globule of mercury upon a piece of 
glass and notice with what force it resists flattening (or a change of 
f(tfm). (h) Blow a small soap bubble and let the air return through 
pilH'. 

Horface Tensilon is a tension or pulling force due to the unbalanced 
av.iUm of cohesion at the surface of a liquid. Let dots A, B, and C rep- 
resent three type molecules in a globule of a liquid (Fig. 11). A line 
is drawn about each at the limit to which the force of cohesion ex- 
tends. It is manifest that not only A at the 
center, but also 2?, is drawn equally in all direc- 
tions by cohesion. This is not the ease with 
C, which is drawn in all directions sidewise 
and inward but is not drawn outward. This 
produces an efifect upon the surface as though 
all the surface molecules were pushing inward 
equally, and this force, called surface tension, 
tends to bring any given mass of liquid into 
the spherical form. — Of course gravitation 
artlng within any given mass of liquid or gas tends to bring the 
mass into the spherical form. As examples, we have the sun and 
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the planets. Within small globules of liquids the force of gravita- 
tion is so minute as not to be worth mentioning in comparison to 
" surface tension." In bodies of liquid like planets, however, sur- 
face tension would have an immeasurably minute effect, and the 
spherical form (as the curve of our oceans) would be due to gravitation. 

Note. — See in larger works and in cyclopaedia Prince Rupert's 
drops, structure (fibrous, granular, amorphous, crystalline), welding, 
tempering, annealing, shot-tower, and crystallization. 



MISCELLANEOUS QUESTIONS. 

1. Do we change the weight of a body when we carry it from the 
base to the summit of a mountain ? Do we change its mass ? 

2. Considering the effect of gravitation alone, a body would weigh 
more at the equator or at the north pole ? 

3. How far above the surface of the earth must a 10 lb. weight be 
carried that it may weigh only 2| lbs. ? 

4. A body 12,000 miles above the surface of the earth weighs 
64 kgs. What would it weigh at the surface ? 

5. To what distance does the earth's attraction extend ? 

6. "Water will not flow by capillarity from the top of a tube." 
By what experiment would you prove it ? [Try the experiment.] 

7. Why does dry ground become damp if a coarse sack is left 
upon it ? 

8. How is fine shot made ? 

9. Why do drops of different liquids vary in size ? 

10. Why do ropes shorten when wet ? 

11. Why not make pens of cast iron, of lead, of glass, or of tin, 
instead of making them of steel ? Why are pens slit ? 

12. Could we weigh with absolute accuracy and upon a " spring 
balance," would a body weigh more when the full moon was over- 
head or six hours later ? 

13. How would you answer the last if we weighed upon a balance ? 

14. Suppose we fill a hollow steel cylinder, 5 ft. long by i in. 
inside diameter and closed at one end, entirely full of pure water, 
and with great exertion (using leverage) we force a tight-fitting steel 
plunger into it, shortening the column of water by f of an inch. 
Would this experiment in the absence of all other testimony prove 
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liquids do not equally mix with light ones, nor heavy gases equally 
with light ones. [See gravity battery and Chemistry, page 68, ' ' old 
wells."] 

Exp. 41. — Tie a piece of parchment paper (or of animal mem- 
brane) over the end of a lamp chimney. Pour into it about one 
inch deep a strong solution of common salt mixed with solution of 
gum arable, and immerse about an inch deep in a little distilled 
water in beaker. Leave over night. Remove chimney and test 
water in beaker by taste for salt and gum. Much salt and little gum 
has passed through. 

The diffusion of liquids through membranes is called osmose (tlie 
flow towards the increased volume end-osmose and from the increased 
volume eX'Osmose). Crystallized substances ("crystalloids") pass 
through membranes more readily than gummy substances ('* col- 
loids"). Separating substances by osmose is called dialysis and tlie 
apparatus used a dialyzer. Chemists separate crystalline poisons 
from the mucus of the stomach by dialysis before testing for them. 
Sap circulates through the membranes of lining cells by osmose 
rather than by capillarity. 

Exp. 42. — Place a small globule of mercury upon a piece of 
glass and notice with what force it resists flattening (or a change of 
form), (b) Blow a small soap bubble and let the air return through 
pipe. 

Surface Tension is a tension or pulling force due to the unbalanced 
action of cohesion at the surface of a liquid. Let dots A, B, and C rej>- 
resent three type molecules in a globule of a liquid (Fig. 11). A line 
is drawn about each at the limit to which the force of cohesion ex- 
tends. It is manifest that not only A at the 
center, but also B, is drawn equally in all direc- 
tions by cohesion. This is not the case with 
C, which is drawn in all directions side wise 
and inward but is not drawn outward. This 
produces an effect upon the surface as though 
all the surface molecules were pushing inward 
equally, and this force, called surface tension, 
tends to bring any given mass of liquid into 
the spherical form. — Of course gravitation 
acting within any given mass of liquid or gas tends to bring the 
mass into the spherical form. As examples, we have the sun and 
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the planets. Within small globules of liquids the force of gravita- 
tion is so minute as not to be worth mentioning in comparison to 
"surface tension." In bodies of liquid like planets, however, sur- 
face tension would have an inmieasurably minute efifect, and the 
spherical form (as the curve of our oceans) would be due to gravitation. 

Note. — See in larger works and in cyclopaedia Prince Rupert's 
drops, structure (fibrous, granular, amorphous, crystalline), welding, 
tempering, annealing, shot-tower, and crystallization. 



MISCELLANEOUS QUESTIONS. 

1. Do we change the weight of a body when we carry it from the 
base to the summit of a mountain ? Do we change its mass ? 

2. Considering the effect of gravitation alone, a body would weigh 
more at the equator or at the north pole ? 

3. How far above the surface of the earth must a 10 lb. weight be 
carried that it may weigh only 2| lbs. ? 

4. A body 12,000 miles above the surface of the earth weiglis 
64 kgs. What would it weigh at the surface ? 

5. To what distance does the earth's attraction extend ? 

6. "Water will not flow by capillarity from the top of a tube." 
By what experiment would you pit)ve it ? [Try the experiment.] 

7. Why does dry ground become damp if a coarse sack is left 
upon it ? 

8. How is fine shot made ? 

9. Why do drops of different liquids vary in size ? 

10. Why do ropes shorten when wet ? 

11. Why not make pens of cast iron, of lead, of glass, or of tin, 
instead of making them of steel ? Why are pens slit ? 

12. Could we weigh with absolute accuracy and upon a ** spring 
balance," would a body weigh more when the full moon was over- 
head or six hours later ? 

13. How would you answer the last if we weighed upon a balance ? 

14. Suppose we fill a hollow steel cylinder, 5 ft. long by i in. 
inside diameter and closed at one end, entirely full of pure water, 
and with great exertion (using leverage) we force a tight-fitting steel 
plunger into it, shortening the column of water by f of an inch. 
Would this experiment in the absence of all other testimony prove 
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liquids do not equally mix with light ones, nor heavy gases equally 
with light ones. [See gravity battery and Chemistry, page 68, *' old 
wells."] 

Exp. 41. — Tie a piece of parchment paper (or of animal mem- 
brane) over the end of a lamp chimney. Pour into it about one 
inch deep a strong solution of common salt mixed with solution of 
gum arable, and immerse about an inch deep in a little distilled 
water in beaker. Leave over night. Remove chimney and test 
water in beaker by taste for salt and gum. Much salt and little gum 
has passed through. 

The diffusion of liquids through membranes is called osmose (the 
flow towards the increased volume end-osmose and from the increased 
volume eX'Osmose), Crystallized substances ("crystalloids") pass 
through membranes more readily than gummy substances ("col- 
loids "). Separating substances by osmose is called dialysis and the 
apparatus used a dialyzer. Chemists separate crystalline poisons 
from the mucus of the stomach by dialysis before testing for them. 
Sap circulates through the membranes of lining cells by osmose 
rather than by capillarity. 

Exp. 42. — Place a small globule of mercury upon a piece of 
glass and notice with what force it resists flattening (or a change of 
form), {b) Blow a small soap bubble and let the air return through 
pipe. 

Sarface Tension is a tension or pulling force due to the unbalanced 
action of cohesion at the surface of a liquid. Let dots A, B, and C rep- 
resent three type molecules in a globule of a liquid (Fig. 11). A line 
is drawn about each at the limit to which the force of cohesion ex- 
tends. It is manifest that not only A at the 
center, but also B, is drawn equally in all direc- 
tions by cohesion. This is not the case with 
C, which is drawn in all directions side wise 
and inward but is not drawn outward. This 
produces an effect upon the surface as though 
all the surface molecules were pushing inward 
equally, and this force, called surface tension, 
tends to bring any given mass of liquid into 
the spherical form. — Of course gravitation 
acting within any given mass of liquid or gas tends to bring the 
mass into the spherical form. As examples, we have the sun and 
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the planets. Within small globules of liquids the force of gravita- 
tion is so minute as not to be worth mentioning in comparison to 
"surface tension." In bodies of liquid like planets, however, sur- 
face tension would have an immeasurably minute effect, and the 
spherical form (as the curve of our oceans) would be due to gravitation. 

Note. — See in larger works and in cyclopaedia Prince Rupert's 
drops, structure (fibrous, granular, amorphous, crystalline), welding, 
tempering, annealing, shot-tower, and crystallization. 



MISCELLANEOUS QUESTIONS. 

1. Do we change the weight of a body when we carry it from the 
base to the summit of a mountain ? Do we change its mass ? 

2. Considering the effect of gravitation alone, a body would weigh 
more at the equator or at the north pole ? 

3. How far above the surface of the earth must a 10 lb, weight be 
carried that it may weigh only 2| lbs. ? 

4. A body 12,000 miles above the surface of the earth weighs 
64 kgs. What would it weigh at the surface ? 

5. To what distance does the earth's attraction extend ? 

6. "Water will not flow by capillarity from the top of a tube." 
By what experiment would you pi-ove it ? [Try the experiment.] 

7. Why does dry ground become damp if a coarse sack is left 
upon it ? 

8. How is fine shot made ? 

9. Why do drops of different liquids vary in size ? 

10. Why do ropes shorten when wet ? 

11. Why not make pens of cast iron, of lead, of glass, or of tin, 
instead of making them of steel ? Why are pens slit ? 

12. Could we weigh with absolute accuracy and upon a ** spring 
balance," would a body weigh more when the full moon was over- 
head or six hours later ? 

13. How would you answer the last if we weighed upon a balance ? 

14. Suppose we fill a hollow steel cylinder, 5 ft. long by ^ in. 
inside diameter and closed at one end, entirely full of pure water, 
and with great exertion (using leverage) we force a tight-fitting steel 
plunger into it, shortening the column of water by f of an inch. 
Would this experiment in the absence of all other testimony prove 
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liquids do not equally mix with light ones, nor heavy gases equally 
with light ones. [See gravity battery and Chemistry, page 68, ** old 
wells."] 

Exp. 41. — Tie a piece of parchment paper (or of animal mem- 
brane) over the end of a lamp chimney. Pour into it about one 
inch deep a strong solution of common salt mixed with solution of 
gum arabic, and immerse about an inch deep in a little distilled 
water in beaker. Leave over night. Remove chimney and test 
water in beaker by taste for salt and gum. Much salt and little gum 
has passed through. 

The dififusion of liquids through membranes is called osmose (the 
flow towards the increased volume end-osmose and from the increased 
volume ex-osmose). Crystallized substances ("crystalloids") pass 
through membranes more readily than gummy substances ("col- 
loids"). Separating substances by osmose is called dialysis and the 
apparatus used a dialyzer. Chemists separate crystalline poisons 
from the mucus of the stomach by dialysis before testing for them. 
Sap circulates through the membranes of lining cells by osmose 
rather than by capillarity. 

Exp. 42. — Place a small globule of mercury upon a piece of 
glass and notice with what force it resists flattening (or a change of 
form). (6) Blow a small soap bubble and let the air return through 
pipe. 

Sarface Tension is a tension or pulling force due to the unbalanced 
action of cohesion at the surface of a liquid. Let dots A, J?, and C rep- 
resent three type molecules in a globule of a liquid (Fig. 11). A line 
is drawn about each at the limit to which the force of cohesion ex- 
tends. It is manifest that not only A at the 
center, but also iJ, is drawn equally in all direc- 
tions by cohesion. This is not the case with 
C, which is drawn in all directions sidewise 
and inward but is not drawn outward. This 
produces an effect upon the surface as though 
all the surface molecules were pushing inward 
equally, and this force, called surface tension, 
tends to bring any given mass of liquid into 
the spherical form. — Of course gravitation 
acting within any given mass of liquid or gas tends to bring the 
mass into the spherical form. As examples, we have the sun and 
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the planets. Within small globules of liqnids the force of gravita- 
tion is so minute as not to be worth mentioning in comparison to 
"surface tension." In bodies of liquid like planets, however, sur- 
face tension would have an immeasurably minute effect, and the 
spherical form (as the curve of our oceans) would be due to gravitation. 

Note. — See in larger works and in cyclopaedia Prince Rupert's 
drops, structure (fibrous, granular, amorphous, crystalline), welding, 
tempering, annealing, shot-tower, and crystallization. 



MISCELLANEOUS QUESTIONS. 

1. Do we change the weight of a body when we carry it from the 
base to the summit of a mountain ? Do we change its mass ? 

2. Considering the effect of gravitation alone, a body would wtM^h 
more at the equator or at the north pole ? 

3. How far above the surface of the earth must a 10 lb. weight be 
carried that it may weigh only 2\ lbs. ? 

4. A body 12,000 miles above the surface of the earth weighs 
64 kgs. What would it weigh at the surface ? 

5. To what distance does the earth's attraction extend ? 

6. "Water will not flow by capillarity from the top of a tube." 
By what experiment would you pi*ove it ? [Try the experiment.] 

7. Why does dry ground become damp if a coarse sack is left 
upon it ? 

8. How is fine shot made ? 

9. ^Vhy do drops of different liquids vary in size ? 

10. Why do ropes shorten when wet ? 

11. Why not make pens of cast iron, of lead, of glass, or of tin, 
instead of making them of steel ? Why are pens slit ? 

12. Could we weigh with absolute accuracy and upon a " spring 
balance," would a body weigh more when the full moon was over- 
head or six hours later ? 

13. How would you answer the last if we weighed upon a balance ? 

14. Suppose we fill a hollow steel cylinder, 5 ft. long by ^ in. 
inside diameter and closed at one end, entirely full of pure water, 
and with great exertion (using leverage) we force a tight-fitting steel 
plunger into it, shortening the column of water by f of an inch. 
Would this experiment in the absence of all other testimony prove 
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liquids do not equally mix with light ones, nor heavy gases equally 
with light ones. [See gravity battery and Chemistry, page 68, '^ old 
wells."] 

Exp. 41. — Tie a piece of parchment paper (or of animal mem- 
brane) over the end of a lamp chimney. Pour into it about one 
inch deep a strong solution of common salt mixed with solution of 
gum arable, and immerse about an inch deep in a little distilled 
water in beaker. Leave over night. Remove chimney and test 
water in beaker by taste for salt and gum. Much salt and little gum 
has passed through. 

The diffusion of liquids through membranes is called osmose (the 
flow towards the increased volume end-osmose and from the increased 
volume ex-osmose). Crystallized substances ("crystalloids") pass 
through membranes more readily than gummy substances ("col- 
loids "). Separating substances by osmose is called dialysis and the 
apparatus used a dialyzer. Chemists separate crystalline poisons 
from the mucus of the stomach by dialysis before testing for them. 
Sap circulates through the membranes of lining cells by osmose 
rather than by capillarity. 

Exp. 42. — Place a small globule of mercury upon a piece of 
glass and notice with what force it resists flattening (or a change of 
form), (b) Blow a small soap bubble and let the air return through 
pipe. 

Surface Tension is a tension or pulling force due to the unbalanced 
action of cohesion at the surface of a liquid. Let dots A^ J5, and C rep- 
resent three type molecules in a globule of a liquid (Fig. 11). A line 
is drawn about each at the limit to which the force of cohesion ex- 
tends. It is manifest that not only A at the 
center, but also i?, is drawn equally in all direc- 
tions lyy cohesion. This is not the case with 
C, which is drawn in all directions sidewise 
and inward but is not drawn outward. This 
produces an effect upon the surface as though, 
all the surface molecules were pushing inward 
equally, and this force, called surface tension, 
tends to bring any given mass of liquid into 
^' ' the spherical form. — Of course gravitation 

acting within any given mass of liquid or gas tends to bring the 
mass into the spherical form. As examples, we have the sun and 
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the planets. Within small globules of liquids the force of gravita- 
tion is so minute as not to be worth mentioning in comparison to 
"surface tension." In bodies of liquid like planets, however, sur- 
face tension would have an immeasurably minute efifect, and the 
spherical form (as the curve of our oceans) would be due to gravitation. 

Note. — See in larger works and in cyclopaedia Prince Rupert's 
drops, structure (fibrous, granular, amorphous, crystalline), welding, 
tempering, annealing, shot-tower, and crystallization. 



MISCELLANEOUS QUESTIONS. 

1. Do we change the weight of a body when we carry it from the 
base to the summit of a mountain ? Do we change its mass ? 

2. Considering the effect of gravitation alone, a body would weigh 
more at the equator or at the north pole ? 

3. How far above the surface of the earth must a 10 lb. weight be 
carried that it may weigh only 2^ lbs. ? 

4. A body 12,000 miles above the surface of the earth weighs 
64 kgs. What would it weigh at the surface ? 

5. To what distance does the earth's attraction extend ? 

6. "Water will not flow by capillarity from the top of a tube." 
By what experiment would you prove it ? [Try the experiment.] 

7. Why does dry ground become damp if a coarse sack is left 
upon it ? 

8. How is fine shot made ? 

9. Why do drops of different liquids vary in size ? 

10. Why do ropes shorten when wet ? 

11. Why not make pens of cast iron, of lead, of glass, or of tin, 
instead of making them of steel ? Why are pens slit ? 

12. Could we weigh with absolute accuracy and upon a " spring 
balance," would a body weigh more when the full moon was over- 
head or six hours later ? 

13. How would you answer the last if we weighed upon a balance ? 

14. Suppose we fill a hollow steel cylinder, 5 ft. long by ^ in. 
inside diameter and closed at one end, entirely full of pure water, 
and with great exertion (using leverage) we force a tight-fitting steel 
plunger into it, shortening the column of water by f of an inch. 
Would this experiment in the absence of all other testimony prove 
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that water was compressible ? Would it prove that water is not 
easily compressed ? Why or why not ? 

15. Mention two substances the first harder but less dense than 
the second. 

16. Fill three columns headed respectively volume, mass, and 
density, with one of these five (1) very great, (2) great, (3) medium, 
(4) small, and (5) very small, so that the horizontal reading shall be 
correct. Use each of the five terms once in each column. 

17. How would you find out whether a rock possessed a hardness 
of 6.5 ? 

18. The blacksmith expands the tire by heating, and in resuming 
its original volume on cooling, it presses the rim firmly upon the 
spokes. Is this " return " an example of elasticity? Why or why 
not? 

19. What does the physiologist mean when he speaks of the 
'Mnelastic" tendons, since you can easily prove that tendons are 
elastic ? He tells you bones are only slightly elastic. The physicist 
tells you bone is " highly elastic." Explain. 

20. Why will not oil and water "mix" ? 

21. How v/ould you find out how much chalk was used in per- 
forming a problem upon the board ? 

22. How many cu. in. of brass in a solid cylinder 3 in. long by 
1 in. in diameter ? 

23. How many cu. cm. in a lead sphere 6 cm. in diameter? 

24. How many cu. cm. of iron in a hollow iron pipe 4 meters 
long, outside diameter 6 cm., and inside diameter 4 cm ? 

25. What is meant by a "porous" solid, since all solids have 
pores ? 

26. Some writers call the General Properties of matter " Univer- 
sal Properties." What imperfection of appellation in using "Uni- 
versal " ? In using " General " ? 

27. Write out five experiments of your own devising which might 
be substituted for five used in this chapter. 

28. Kelate an experiment which you have read in some other book. 

29. Add something to, or subtract something from, the " com- 
ments" in this chapter, which addition or subtraction you think 
would be an improvement. 
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CHAPTER IV. 



FLUIDS. 



Figr. 12. 



Note. — Liquids and gases because of the many mechanical 
proj)ertles which they have in common, are included under the term 
fluids. Hydrostatics treats of liquids at rest. Hydraulics (hydro- 
dynamics or hydrokinetics) treats of liquids in motion. Pneumatics 
treats of the mechanical properties of gases. 

Exp. 43. — Place a piece of glass in water ; it sinks. 
Remove and place on ground glass end of open receiver, 
and holding firmly till glass is a few inches beneath 
water (Fig. 12), let go of it. It does not sink. [" Rub- 
ber dam " obtained from some dentist is useful to pre- 
vent leakage between surfaces. Vaseline is excellent 
for this purpose. If the surfaces are very rough, rubber 
dam may be used with vaseline. These are almost 
indisx)ensable in most "air pump" experiments, if 
cheap apparatus is used.] 

(&.) Press a beaker (or tumbler) down into water (Fig. 13), and 
notice that some force resists. 

(c.) Fill a wide mouthed bottle with water. Cover 
mouth with card and invert suddenly. The water does 
not run out. Is it a "pushing" or a "pulling" force 
that holds it in? Remember that "we live at the 
bottom of an ocean of air." 

((2.) Place one end of a glass tube (pipette) down into 
the water, and closing the other end with finger, raise 
the tube. Remove the finger, the water falls out because of its own 
weight. [Surface tension takes the place of the card in keeping the 
water at the lower end approximately level (regular curve), and thus 
prevents the entrance of air.] 

(e.) Bend a glass tube at right angles at one end, and lower bent 
end "squarely" into water, upper end being covered with the 
finger. Beside it at the same depth place a straight tube of the 
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4. What is the pressure against the gates of a lock, if they are 6 
m. wide, and the water above is 5 m. higher than the water below ? 

5. A dam is 20 m. long, and holds back a pond of water 8 m. 
deep, the whole width of the dam. What is the pressure against 
the dam ? Does it make any difference whether the pond has an 
area of one acre or of a thousand acres ?. Whether it is deeper or more 
shoal above ? 

6. A cavity in the rock on a mountain side has a surface of 20,- 
000 sq. dcm. A crevice from this runs up the mountain a perpen- 
dicular distance of 150 m. from the center of the cavity. If cavity 
and crevice fill with water, what is the pressure on the interior 
of the cavity tending to burst open the cavity and produce a " land 
slide"? 

7. A reservoir 15 ft. long, 10 ft. wide, and 7 ft. deep, will hold 
what weight of water ? 

Note. — From Exp. 45 we prove that in three vessels, A, B, C, 
full of water, of the shape shown by section in Fig. 17, the pressure 
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on the bottom of each is the same, although the weight of the water 



in each is very different. 
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We should need to make the bottom of 
dish C just as "strong" as the bottom 
of dishes ^ or J5, to sustain the weight of 
the dish full of any liquid. 

Exp. 47. — Place an open receiver, 
after rubbing the ends with vaseline to 
prevent leakage, upon the plate of the 
air pump. Tie over the top a piece of 
rubber dam A, and i)ump out slowly the 
air, observing rubber (B Fig. 18). 



Exp. 48. — Place the palm of the hand over the top of the receiver, 
and pressing down firmly take a few strokes upon the pump rapidly. 
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As soon as the pressure becomes disagreeable, open stopcock S, 
allowing outside air to enter receiver. Why could you not remove 
the hand readily till stopcock S was opened? Was the hand 
"pulled" down or '* pushed" down? Why does the under part of 
the hand covering A become red ? 




Exp. 49. — Place under a closed receiver a rubber balloon partly 
filled with air, and pump out air from receiver. Why does the 
balloon expand ? Open stopcock and admit air. 

(h) Vaseline a rubber cork and insert in an "empty" bottle. 
Place under receiver and exhaust air. Why does the cork jump out ? 
Is it pushed out or pulled out ? 

(c) Invert a small bottle full of air, and placing it in a wide mouthed 
bottle sufficiently filled with water to cover 
well the mouth of inverted bottle, set the 
two under receiver and exhaust air. Open Bv 
stopcock and admit air. ^ 

(d) Connect two bottles, A and J5, by glass 
tube, with water in each as shown in Fig. 19. 
Let A be closed by perforated rubber cork, 
while B is open. Place under receiver and 
exhaust air. Readmit air through stopcock. Figr. 19. 

"We live at the bottom of an ocean of air." The 
air about us, though not in the technical sense " com- 
pressed air," is really compressed air, compressed by 
the weight of the air above. When this weight is re- 
moved, or partly removed, from any given volume of 
air, the volume expands according to a well-known law. 
(See Exp. 63). . This is the reason we can pump air 
(or gases) out from a closed receiver. We can not 
pump liquids out of a closed receiver so long as 
they remain liquids. Without this tendency of gases 
to expansion we could not use the air pump at all 
except as a mere "lifting pump'* (Exp. 59). The 
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force per unit area with which a gas tends to expand is 
called its tension. 

Exp. 50. — Place a bottle of ordinary drinking-water uncorked 
under the receiver, and pump out air from receiver. Observe what 
takes place in the water. 

(&) Shake a ^' water hammer** (glass vessel which has been 
closed while water was boiling in it) and observe the sharp, metallic 
sound as the water, entirely freed from air, falls. 

(c) With a clean needle, free from rust, draw a minute drop of 
blood from the finger, and placing it carefully upon a glass slide, 
spreading it out as little as possible, cover with receiver. Pump 
rapidly while another observes the drop. Why does it expand ? The 
water above did not. 

(d) Place a piece of charcoal in the bottom of a wide-mouthed 
bottle and load it with a piece of lead. Fill bottle nearly full of 
water, and placing under the receiver exhaust air. 

(e) Use an " atomizer." 

There is a large amount of air dissolved in water 
(though the constituents of dissolved air are not in the 
original proportions). There is a large amount of air 
dissolved in our blood (chiefly oxygen). The carbon 
dioxide (a gas) found in the blood is formed princi- 
pally in the body by chemical action. We do not feel 
the great weight of the air upon us, for the pressui-e 
from the outside is met by an equal pressure or tension 
from the inside because of these dissolved gases in the 
blood. Many solids have the power of condensing 
within their pores or upon their surfaces, that is, absorb- 
ing (or dissolving) large volumes of gases. Especially 
is this true of many finely divided or '' porous " solids 
like platinum sponge, charcoal, etc. The atomizer 
shows that air adheres to water, but adhesion, friction, 
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and atmospheric pressure are all concerned in its action. 
Air is not merely pushed into water and blood by- 
pressure. 

Exp. 51. — Open the air pump and examine its valves. They 
may or may not be arranged as in Fig. 20. The valve V in the piston 
opens at which stroke of the 
piston, upward or downward ? 
The valve V opens at which 
stroke? Would an air pump 
work with one valve? Why? 
The air in receiver R expands 
at each upward stroke of piston 
just as the air in the rubber 
balloon of Exp. 49 did. Its 
return is prevented by the valve 
V at the beginning of the down- 
ward stroke of the piston. 





! 



Fig. 20. 



When the tension of the rarefied air in R becomes so little that it 
will not lift the valve V, the pump can remove no more air. 



Note. — An air pump may be easily made by any worker in brass 
or iron. The cylinder may be a hollow brass tube of not more than 
an inch in diameter, and the connections may be made with | inch 
gas pipe to small iron or brass plate to hold receiver. Valves should 
be made of oil silk or of very soft leather, and should be fastened so 
that they may not fly open too far. The piston should be made up 
of two brass plates carrying a leathern washer of slightly larger size 
between them, or the leather washer may be of much larger size and 
may be rolled down over the lower brass plate. A hole may be bored 
through the whole and the valve V placed upon the top. Valve V 
may be placed in the upper cylinder head instead of below, when 
the piston rod must be " packed " where it emerges from the head. — 
A receiver is easily made by carefully selecting a fruit jar or wide- 
mouthed bottle and grinding smooth the glass about the mouth on 
an oiled stone upon which emery powder has been sprinkled. — An 
open receiver may be made from an Argand lamp chimney by grind- 
ing both ends. Rubber dam may be used with vaseline to prevent 
leakage in case the grinding is not very successfully done. 
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Exp. 52. — Out of a stout flask furnished with stopcock pump 
the air. Close stopcock, remove and weigh. Open stopcock while 
flask is balanced on scales, and weigh again, using milligram weights. 

Exp. 53. — Fit a glass tube drawn out fine on the 
inside of rubber stopple, and out of the same flask pump 
the air again. Remove from plate, open stopcock 
under water as shown in Fig. 21. " Fountain in vacuo " 
appears. 

Exp. 54. — Pump the air from the " Mag- 
deburg Hemispheres*^ (Fig. 22.) Close stop- 
cock and remove from the plate. Replace 
handle and let two pupils try to pull them 
apart. If hemispheres are small they succeed, if 
air must first be admitted. 

Air has weight, and consequently presses 
Fig. 22. down upon the earth just as water presses down 
upon the bottom of the vessel holding it. 

Exp. 55. — Tie a string about a small stone and weigh on deli- 
cate spring balance. Lower stone into water and weigh. [Small 
rubber band and graduated card will answer instead of balance.] 

(6) Seal carefully with wax the cover upon a baking-powder 
can. Attach to it a doubled thread. Fasten the handle of the 
spring balance (a very delicate one) to the top of a large receiver, 
inside, with wax or cement. Hang the tin can upon balance and 
place receiver on plate of air pump. Notice accurately the weight 
while the "body" hangs in the air. Remove air. Is the indicated 
weight more or less with the air removed ? Do we get the true weight 
of bodies when we weigh them in the water ? When we weigh them 
in the air ? Is the indicated weight too much or too little when we 
weigh a body in the air ? [To make delicate spring balance, see Sec- 
tion L, Appendix.] 

That lifting force which makes the indicated weight 
of a body in a fluid less than the true weight is called 
buoyancy. [See Chapter V.] 



FL UIDS, 



37 



C> 



Exp. 56. — " TorrleellPs (chgllee) Experiment/' Take a glass 
tube (closed at one end), about one meter long and three or four 
millimeters inside diameter. Incline and fill carefully with mercury 
by means of a funnel with delivery tube 
drawn out fine. Cover firmly with finger, 
invert and open beneath a cup of mercury as 
in Fig. 23. Why does not the mercury run 
out from the tube ? Why does it fall at all ? 
Measure carefully in millimeters the height of 
the mercury above the level in the dish. In 
the same dish place similarly a tube of larger 
size. Allowing for greater capillary depres- 
sion in smaller tube, does the mercury stand 
at the same height in each ? Remove one of 
the tubes to a dish of mercury of larger area, 
does the mercury stand any higher or lower 
than before ? If our tube had a sectional 
area of 1 square centimeter, what would the 
mercury in it weigh ? [Mercury weighs " 13.5 + times as much 
as water."] If the sectional area of our tube were one square inch, 
what would the mercury in it weigh ? 
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Fig. 23. 



The common Barometer is simply a "Torricellian 
tube " filled with mercury, with graduations in milli- 
meters (or inches) that the height above the surface 
of the mercury in the cup below may be conveniently 
read. Its office is to indicate the varpng atmospheric 
pressure and not to prophesy what the weather is to be. 
It is a very accurate instrument, doing its work cor- 
rectly. The predictions which men make from the 
truth it tells may prove false. A sudden and decided 
fall of the mercury usually indicates a storm, while 
a high barometer usually indicates fair weather. Tlie 
average height of the barometer at the sea-level is 
about 760 millimeters, or 30 inches. The atmospheric 
pressure at this level is therefore about 1 kilogram 
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per square centimeter, or about 15 pounds per square 
inch. 

Note. — The aneroid barometer contains no mercury, but is 
usually a short metallic circular box from which the air is partly 
removed. An elastic steel plate receives the varying atmospheric 
pressure, and connecting with delicate machinery, turns an indicator 
over a graduated circumference. The graduation is made in milli- 
meters (or inches), by comparison with a standard barometer. A 
barometer tube might be filled with water, but the tube would need 
to be nearly 40 feet long as the ordinary height would be about 
34 feet.. The rise and fall would also be much greater than that of 
mercury. 

Exp. 57. — Place the " Torricellian tube " beneath a tall receiver, 
and pump out the air. Why does the mercury fall ? What would 
happen if a barometer were carried up a mountain? [A tall 
receiver is easily made of lamp chimneys (Argand) fastened together 
by a liberal use of sealing-wax. The top one may be covered with 
a piece of glass waxed on, and the lower one should be ground to 
fit plate of pump.] 

The barometer is also used in finding the height of moimtains. 
The aneroid being more portable is very useful for this purpose. 
The barometer falls about 25 millimeters for the first 1,000 feet above 
the sea level, but not so much for the second thousand feet. At the 
height of about 3.4 miles the barometer stands one-half its normal 
height, showing that one-half of the atmosphere is within this dis- 
tance from the sea-level. Were the whole atmosphere of the same 
density as at the sea-level, some of the highest mountains would pro- 
ject above it. The height to which the " gradually thinning " atmos- 
phere extends is variously guessed at as from 50 to 250 miles. [See 
Torricelli, Pascal, Otto Gueriche, etc., in cyclopaedia.] 

Exp. 58. — Bore lengthwise through a piece of wood (H Fig. 24), 
a f inch hole. Stop the two ends with corks. Bore holes through 
the side, and insert glass tubes of dififerent sizes and funnel as shown 
in cut. Let c be a coiled tube, or one very irregularly bent. Use no 
tube small enough to be decidedly " capillary." Let a be a stout 
glass tube. Pour water into funnel, and observe the height to which 
it rises in each tube. 
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(b) Insert piston (rubber cork nailed to end of stick) Into a, and 
force it downward. Is there any " transmfsafon t^f preaav^e " in the 
tube Hf Remove piston and 

tubes b, e, d, and e, and stop 
holes with corlta with about the 
same firmness with which the 
ends of If nre fastened. Fill 
a with water, and placing ap- 
paratus in ainlt, force the piston 
downward suddenly. Several ot 
the corks should fly out. Why 
more than one? Why not 
all ? «ff- 34. 

(c) In place of ((, b, c, and il, insert capillary tubes of varying 
sizes by passing them through corlcs. Pour in water till the funnel 
stands half full, and observe the height as before. 

(d) Find out by a good carpenter's "level" which comer of a 
table is farthest from the earth's center. Also find whether the side 
ot a given cabinet (or post) is vertical. 



Under the influence of its own weight alone, in any 
vessel or connected vessels, " water seeks its level," 
th;it is, its surface takes the " earth's curve." If a and 
d (Fig. 24) were respectively one mile on opposite 
sides from 6, and connected by tube as above, the sur- 
face in S would stand about 8 inches above the straight 
line joining the surfaces of a and d. In the capillary 
tubes the water is not under the influence of its own 
weight alone. 

Lipids transmit pressure equally in all directions, this 
pi'essure aating at right angles to the surfaces | 
[Pascal's Law.] This transmission is practically ini 
taneous. 
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Figr. 25. 



Note. — A small column of water (as in a, Fig. 25) will balance a 
large column in 6. If the sectional area of the small column is 

one square centimeter, and that of the 
large column is 100 square centimeters, 
then a piston carrying a weight of one 
kilogram pressing upon a will balance 
a piston carrying a hundred kilograms 
pressing on h, [See Hydrostatic Press, 
Chapter XI., and Artesian Wells in cyclo- 
paedia.] 

Exp. 59. — Take an ordinary student- 
lamp chimney, large end downward. Cut out a thin disk of wood 
fitting upper portion loosely. Bore through the center of wood a 
small hole, and with slender, broad-headed brass tacks 
fasten to the upper side over the hole a soft leathern 
valve (V, Fig. 26). Saw off about four decimeters in 
length from a broom handle, cut out with narrow 
chisel the center from the end, and fasten the disk 
on with broad-headed brass nails as shown. Wind 
twine about the edges of the disk to complete a 
moderately tight-fitting piston. Insert in the narrow 
portion of chimney a perforated wooden plug, upon 
the top of which is fastened a valve (Fig. 27). 
Make plug tight with wax. With small rat-tail file 
wet with turpentine (camphor may be dissolved in 
it to advantage) bore a small hole through side of 
chimney near the top, and attach with wax a hollow 
glass tube for a spout. Cut away the handle above 
to give room for the water to rise. Pump with the 




Fifif. 26. 




apparatus, watching action of the valves. 



Fifif. 27. 



The Lifting Pump was formerly called a suction 
pump. The atmospheric pressure, transferred through 
the water, pushes the water up to the valves as the air 
is pumped out of the tube leading from the well, there- 
fore these valves must be within 34 feet of the water 
surface below. Practically the valves must be within 
28 feet or less. The atmospheric pressure, however. 
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does not help (i.e., furnish energy) in the pumping, for 
the air presses equally up from below and down from 
above upon the piston. 

Exp. 60. — Take an Argand lamp chimney and fit to it a solid 
(valveless) piston with rod. At the bottom place a doubly perforated 
wooden stopple that has been over night in 
water, and to which a valve V and glass 
tube S has been attached as in Fig. 28. 
Through the other orifice, pass a bent 
glass tube into a reversed bottle, O, with 
valve V in stopple as shown and delivery 
tube d. Place tube 8 in water beneath 
some suitable wooden support for apparatus 
and pump, observing the valves V and V 
and the water in 0. Rubber tube may be 
placed over d to prevent water from escap- 
ing the sink. Notice that a valve is not an 
opening^ but a door covering an opening, 
and that it opens in the direction in which 

the fluid is moving. At the upward stroke of the piston what do the 
valves do ? At the downward stroke ? What is the air chamber 
for? 

The Force Pump is used for raising water to great 
heights. It is frequently worked by a steam engine or 
dynamo. The air chamber O prevents shock to the 
machinery and gives a continuous stream. Fire engines 
liave double cylinders connecting with air chamber, so 
that there is a nearly continuous downward stroke of 
one piston. [See Hydraulic Ram, Chapter XI.] 




Fig. 28. 



Exp. 61. — Fasten a gas stopcock into a perforated rubber cork, 
and insert this in a gallon demijohn. Connect stopcock and tube (Z, 
Fig. 28, by rubber tube. Pump rapidly the air, and have another 
close quickly the stopcock after eight or ten complete strokes have 
been taken. Remove rubber tube from d, and connecting with 
Barker* 8 Mill (reaction wheel) at/, Fig. 30, open stopcock. 
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Note. — A Barker's Mill is easily made by taking four short 

pieces of glass tubing drawn out and bent at 
one end, and arranged as in Fig. 29 upon 
soft wax. The inner circle E represents a 
disk of metal to support wheel upon pivot, 
jD^ and the dotted circle the disk of wax upon 
which the tubes a, b, c, and d are laid with 
ends upon disk E. At right angles to the 
four tubes place a larger tube (not shown in 
figure, say x), about six centimeters long, 
Fig. 29. its lower circumference resting upon the four 

tubes above the metallic disk. Wax the whole 
together so that when you blow into the tube x the air will come 
out freely at the ends of a, 6, c, and d. Run a darning-needle, 

w, Fig. 30, at right angles through a large flat 
cork. At the bottom wax the horizontal tube 
/ connecting with a vertical tube e. The tube 
e should be just large enough to admit freely 
the tube x, and the needle should project a 
little above to receive the disk E, Fig. 29, 
upon its point. Blowing gently at / sets the 
f wheel in motion. 

(6) Condense air in demijohn again, and 
Figr. 30 waiting till temperature of demijohn is normal, 

again place bulb of thermometer at the orifice, 
and open stopcock. Does the mercury rise or fall ? 
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Machinery may be run by compressed air. A force 
pump for condensing air is called a condenser. Of 
course there is no need of any " air chamber " (67, Fig. 28) . 
The moisture in the air, however, is a difficulty to be 
overcome, as condensation and a cooler temperature 
tend to change the vapor of water to a liquid, clogging 
the pipes and cylinder in which the piston moves. The 
compressed air as it expands absorbs heat producing 
great cold, whicli tends to freeze the vapor of water. 
This becomes an insui-mountable difficulty when air at 
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high pressure (above about 60 pounds per square inch) 
is released. [See Heat.] 

Exp. 62. — Fasten copper wire to the perforated cork which 
closes a long narrow test-tube, till the tube will almost 
but not quite sink in water. Place the tube in a narrow, 
deep receiver filled with water, and tie over the end of 
receiver (a. Fig-. 31) rubber dam. Press with the palm of 
the hand (not with fingers) upon dam, and then release 
pressure. As the tube rises and falls, observe what 
happens within the tube, that you may tell why it rises 
and falls. "Bottle imps*' are usually provided with 
hollow coiled tails so that they may turn (dance) on the 
principle of Barker's Mill. [See Exp. 90.] 

Fig. 31. 
Most fishes are *' bottle imps^' or " Cartesian divers." 

They can fall or rise without moving fins by compressing or reliev- 
ing pressure on "air bladders." 



Exp. 63. — Bend a stout glass tube as in Fig. 32 and 
clamp by soft wooden buttons to support. The long 
arm should be a meter long, and the short arm 20 cen- 
timeters (of straight tubing above bend). Graduate 
each tube in centimeters, the short arm from the top 
downward. Cut a notch into support above A and 
grind the end smooth with small fiat file. Fasten just 
above A an old "binding-post." Place a piece of 
leather and rubber dam between the screw *head and 
A. Pour into the long arm a little mercury and bring- 
ing its level, by inclining tube if necessary, just to the 20 
centimeter mark in short tube, screw backward and 
down upon the end A, the screw-head making the tube 
air tight. There is now in the short arm a pressure of 
one atmosphere on the volume of air, just the same as 
before its confinement in the tube. Notice how high 
in millimeters the barometer stands, and gradually pour 
one-fourth as many millimeters of mercury into the 
longer arm, measuring as the height the vertical differ- 
ence between the two levels. Notice how much the 
column of air AB has shortened. Pour on till you have ^" 

half as much mercury as the barometer shows, and observe column. 
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Afterwards pour on three-fourths and then just as many millimeters 
as the barometer indicates. How many atmospheres pressure have 
you now upon the gas ? How much volume has it ? Is its tension 
(elasticity) greater or less than before ? Is there any more or less 
matter other than mercury in the short tube ? 

« 

Mariotte's Law. Temperature remaining the same^ 
the volume of a gas is inversely as the pressure upon it 
and the density and tension are as the pressure. 

This law is sometimes called Boyle's Law. [This 
law is approximately correct, but does not hold true at 
all at very high pressure.] 

Exp. 64. — Fit a piston tightly into an Argand chimney. Over 
the ground top place a large perforated rubber cork 
from which passes a glass tube connecting with a 
stout rubber tube at a, Fig. 33. Vaseline well that 
there may be no leakage. Support chimney in 
a wooden frame and hanging a weight W upon 
piston P, connect tube a by open stopcock to plate 
of air pump. Exhaust air. What lifts the weight ? 
The apparatus is called a " weight-lifter." [A large 
one sufficient to lift a pupil easily, makes a very im- 
pressive lecture-room experiment.] 

(6) Gut out a cavity from the large end of a soft 
rubber cork. Vaseline edge and press firmly down 
upon a piece of heavy glass. What force {princi- 
pally) lifts the glass when you raise the cork ? What 
thendoyoM "lift" ? 

A "sucker" may be made of leather with attached string and acts 
upon the same principle as the cork in b. Adhesion and cohesion 
may hold light substances as paper to the sucker, but the principal 
force which holds heavier substances is unbalanced atmospheric 
pressure. When the sucker is raised part of the pressure of the air 
is taken off part of the top of the object lifted, while the full upward 
pressure remains at the bottom. Insects often crawl on smooth 
surfaces, and marine animals "cling" to rocks on the same prin- 
ciple. 
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Exp. 65. — Place a small brass chain with one arm hanging down 
longer than the other over a bottle B held iiorizontally as shown in 
Fig. 34. Let go the chain. Why does it 
" flow " ? The unbalanced weight upon the 
two arms is like unbalanced forces anywhere. 
" Unbalanced forces produce motion." Why 
does not the brass chain break at the highest 
point Pf Could the chain be made long 
enough to break from its own weight, both 
arms falling ? 

(6) Bend a small glass tube into the shape 
of this chain, and fill with water. Place the 
finger over the end of long arm, and placing 
Figr. 34. ^YiQ end of short arm in water remove finger. 
Why does the water " flow " ? What holds the water 
chain together and prevents its breaking at P ? [Not 
cohesion. This force is not strong enough to hold an 
ordinary " water-chain " together, that is, water containing dissolved 
air. Adhesion and cohesion together hold a "chain" of water only 
about one centimeter long against the force of its own weight, as 
you may see by lifting the upper end of glass tube out of water.] 

The Siphon is a bent tube by which liquids may be 
ti-ansferred from one vessel over into another, the unbal- 
anced weight in the two arms causing the p 
flow, and the atmospheric pressure keep- 
ing the bent water column from parting. 
Of course gases "heavier than air" may 
also be siphoned, and those " lighter than 
air " may be reversely siphoned. 



bid 

Figr. 35. 
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Exp. ^, — Arrange a lamp chimney, perforated 
cork, and bent glass tube for a siphon, successively, 
as shown in Figs. 36, 37, and 38. Will the appara- 
tus work as a siphon in all the cases? Why or 
why not ? The weight of the water in the short Fig. 36. 

arm of Fig. 36 is greater than the weight in the 
long arm. If " unbalanced weight" makes the siphon flow, why does 
it not flow the other way ? 
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Just as the expansion or contraction of a dish from the bottom 
upward does not increase nor diminish the pressure on the bottom, so 

the expansion or contraction of any portion of 
a siphon does not increase nor decrease the 
"weights" tending to "balance" in each arm. 
The "balancing weight" for the short arm is tlie 
weight of water which would form a vertical col- 
umn, having a uniform sec- 
tional area equal to that of 
the smallest portion of the 
siphon, from the surface of 
the source of supply to the 
highest point of the siphon. 
The "balancing weight" for the long arm 
is the weight of a similar column from the 
highest point of the siphon to the dischar- 
ging orifice (or to the surface of the receiving 
vessel if the siphon discharges beneath this 
surface as in Fig. 38). These " balancing weights " are of course 
as these distances, so that the greater the difference between these 
distances the more unbalanced the weights become, and, other 
things being equal, the more rapidly the liquid flows in the siphon. 



Pig. 37. 
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Exp. QQ^ (&).— Arrange apparatus as shown in Fig. 39. ^ is a tin 

^ pail with a small tube a 
-^ emptying water into a glass 
dish B, This has a siphon 
tube larger than a waxed 
into a hole drilled through 
the dish. The highest point 
P is lower than the surface 
of the water in B when li 
is full of water. Keep A 
full of water by pouring 




Fig. 89. 

from pitcher, and watch the discharge at the orifice 



Intermittent Springs are usually formed by a siphon-shaped 
delivery tube (or crevice) proceeding from a cavity. This cavity is 
fed by underground rivulets more slowly than the siphon, while 
at work, discharges the water. 
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MISCELLANEOUS QUESTIONS. 

1. Mention five instances (with open books) in which the com- 
ments following experiments in this chapter teach more than the 
experiment teaches. 

2. Mention five instances in which the experiment teaches some- 
thing not mentioned in the comments. 

3. Did we prove that "Pressure increases as the depth" in all 
liquids ? 

4. How many grams of water will a vessel hold that is 15 cm. 
long, 5 cm. wide, and 4 cm. deep ? 

5. How many kilograms of water in a full tank 5 m. long, 4 m. 
wide, and 8 dcm. deep ? 

6. How many metric tons of water in a full reservoir 80 m. and 
5 dcm. long, 50 m. and 4 dcm. wide, and 8 m. and 5 dcm. deep ? 

7. What will the water weigh in a full tank 8 ft. 4 in. long, 6 ft. 
8 in. wide, and 5 ft. 2 in. deep ? 

8. By which system of weights and measures would you prefer 
to work one thousand of such questions, the metric or the English 
system ? Why ? 

9. Draw a section of a lifting pump, showing valves plainly at 
upward stroke of piston. 

10. Draw a section of a force pimip, showing valves and air 
chamber at the downward stroke of piston. 

11. Let the area of the piston in Fig. 40 be 4 sq. cm., and the 
depth of the cylinder 20 cm. The 

atmospheric pressure being 1 kg. per ■ ^ jP 
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sq. cm., with how many kilograms 

pressure must a man push upon the 

piston rod A to force the piston P into the cylinder 15 cm. deep to 

P\ provided air in cylinder is kept at the same temperature ? 

12. Let C D (Fig. 41) be a hori- 
zontal line, A and C two valleys on 
opposite sides of the hill B, Let 
vertical 5 F be 45 ft., ^ JS: be 7 ft., 
and /S D be 30 ft. Can the water 
be siphoned from a tank at ^ to C ? 
(6) Can it be siphoned from S to 
Cf Why or why not? 

13. If we have 24 cu. dcm. (liters) of air in a cylinder, and we 
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put two more atmospheres pressure upon it, how much will be the 
volume of the gas ? 

14. If the air in the chamber of a fire-engine be condensed to 
1-10 of its former volume, what is the pressure (tension) per sq. cm. 
inside the chamber ? 

15. Give an illustration of the use of the mouth as an air pump. 
(b) As a condenser. 

16. Why is it very tiresome to walk in wet clay ? 

17. In Exp. 49 (h) why is the word "empty" put in quotation 
marks? What is often the meaning of these marks in scientific 
books? 

18. Why do bubbles of air become larger as they ascend in water ? 

19. In laying railroad tracks, does the surveyor allow for the 
curvature of the earth? (6) If the rails run in mathematically 
straight lines horizontally a distance of 20 miles, 10 miles on each 
side of a town, the incoming or the outgoing train can make greater 
speed. Why ? 

20. Mercury is about " 13.5 times as heavy as water," how high a 
point above surface of supply may it be carried over in a siphon ? 

21. Invent five experiments that might have been properly in- 
serted to prove or illustrate principles set forth in this chapter. 

22. Mention a good experiment which you have read about in 
some other book. 

23. Mention some experiment which you have performed not laid 
down in the books. 

24. Give illustrations from real life, outside of school, of your 
own observing. 
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CHAPTER V. 

DENSITY AND SPBOIPIO GRAVITY. 

0ns cubic centimeter of water weighs one gram. 

Exp. 67. — Procure a glass marble and a lead bullet of the same 

size, carefully measuring with calipers. Weigh 

©/^ N each. If the lead weighs 45.4 grams and the 
L \ glass 11.35 grams, the lead weighs four times as 
\^^^ much as the glass, and we have 

MARBLE LEAD - . , - , , - i • 

Fist 42 ^*' * given volume of lead : wt. of same vol. of 

glass ::4 : 1. 

We express the same fact when we say that lead is 4 times as dense 
as glass, or that the specific gravity of lead is 4, compared with glass. 

Density is the amount of matter (mass) in a unit 
volume. Specific gravity is the ratio between the 
weight of a given body and the weight of an equal 
volume of some substance taken as a standard. Water 
(at its greatest density 4° C.) ^ is taken as the standard for 
solids and liquids, and air (0°, barometer, 760 mm.) for 
gases. When we say that the specific gravity of a 
solid is 2, we simply abbreviate a ratio, 1 for water 
being understood. The same abstract number may ex- 
press both the density and the specific gravity. Den- 
sity is usually estimated in grams per cubic centimeter. 
Specific Gravity is the ratio between the density of a 
body and the density of the standard. [Water at about 
15° C. or 60° F., is taken as the standard in some tables 
of specific gravities.] 

^ See foot-note, page 31. 
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Exp. 68. — Place the top of a cubic decimeter of wood one deci- 
meter deep in water, and from your knowledge 
of "pressure and depth" compute the pres- 
sure on top (downward), and the pressure on 
the bottom (upward). Place it at two deci- 
meters deep, and compute pressure on top and 
at the bottom as before. Is the buoyancy any 
more or any less at the latter depth ? Perform 
Exp. 55 (a) with the stone at various depths. 

Is the buoyancy constant at different depths ? 
Fig. 43. 

Exp. 69. — " Cylinder and Bucket" Ex- 
periment. Let a be a solid brass cylinder just fitting the bucket 6 

(Fig. 44). Weigh carefully cylinder 
and bucket upon specific gravity 
scales (scales having a hook e on 
one scalepan, and a stout brass 
wire soldered to upright rod, and 
extended on each side c, d, to sup- 
port beam that it may not tip Incon- 
veniently far from the horizontal). 
Kaise scale while balanced and 
lower solid cylinder into water (of 
large surface lecel with top of solid 
cylinder before scales are raised). 
Why is the balance destroyed? 
Restore the balance by putting water into the bucket 6. Inference ? 

Archimedes' Principle* A body immersed in a fluid 
is Imoyed up with a force equal to the weight of the fluid 
displaced. 

Note. — This buoyancy is conveniently called "loss of weight," 
and the balance left after subtracting the buoyancy of the water is 
conveniently called the " weight in water." The remainder after 
subtracting the buoyancy of the air is called the " weight in air." 
The weight in air of solids and liquids, unless otherwise mentioned, 
will be assumed as the true weight. [See weight, page 14.] 
Ordinary drinking-water at the temperature of the schoolroom may 
be used for distilled water at 0° with approximately correct results. 
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Exp. 70. — To find the specific gravity of an ordinary 
solid. 

1. Wt. in air 50 gms. 

2. Wt. in water 35 gms. 

\ Loss in water ) 

) Wt. equal vol. water ( & • 

50 -r 15 = 3.3 + sp. gr. Ans. 

Perform this experiment using an ordinary stone. Find the 
specific gravity of pieces of lead, brass, etc., comparing results with 
the Table of Specific Gravities (Appendix, Section III.). Tie round 
each substance a slender thread with loop to fasten to hook of 
scalepan. A balance beam that slides upon the upright rod of 
scales is convenient, but the same result may be reached with 
wooden blocks adjusted xmder either the scales or the vessel holding 
water. Do not expect to get the precise results given by the books. 
Two different pieces of brass or of glass may have different specific 
gravities. 

Exp. 71. — To find the specific gravity of a liquid. 

(a) 

^ , Loss of stone in water , -. 

* Wt. of equal volume of water • * * ' 

. Loss of same stone in liquid . 

* Wt. of equal volume of the liquid * * * 

16 -r 20 = .8 sp. gr. Ans. 

(h) 

1. Wt. of bottle 25.6 

2. Wt. of bottle full of water 125.6 

3. Wt. of bottle full of liquid l^o.Q 

4. Wt. of water (125.6 - 25.6) 100. 

5. Wt. of equal vol. of liquid (ia5.6 - 25.6) . . 110. 

110 ^ 100 = 1.1 sp. gr. of liquid. Ans, 

Note. — A bottle which holds just 100 gms. of water (sometimes 
1000 gms., 50 gms., etc.) is called a specific gravity bottle. A coun- 
terpoise weight (equal to the empty bottle) is very convenient. 
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(c) 
Place a graduated float, called an hydrometer, into a narrow 
deep receiver tilled with distilled water (or rain water), and 
observe how deep it sinks. Fill the receiver with a sat- 
urated solution of common salt (water containing all the 
salt it will dissolve), and insert hydrometer. The gradua- 
tion will show the specific gravity of the salt water. Does 
the hydrometer sink deeper or not so deep in salt water ? 

Note. — An hydrometer can be made hy graduating a 
wooden rod about 40 centimeters long of uniform cross 
section, loading the bottom with lead, and paraflfining it 
^ well (not thickly). The specific gravity of any liquid is 
inversely as the depth to which this hydrometer sinks. 
Hydrometers take various names according to the name 
of the liquid whose specific gravity they are to indicate, as 
alcoholmeters, lactometers, etc. 

Bore three holes through a large rubber stopple that fits closely a 

wide-mouthed bottle. Into the middle hole insert 
a glass tube bent at right angles on outside, and 
having a thin walled rubber tube attached to a, 
Fig. 46. Insert straight glass tubes about 5 deci- 
meters long as shown at b and c, passing one 
down into water, and the other into the liquid 
whose specific gravity is to be found. Notice the 
effect of capillarity. Exhaust the air by applying 
mouth at rubber tube connected with a, till one of 
the liquids stands about 4 decimeters high, and 
close rubber tube by pressure. Measure carefully 
the height of each liquid above height due to 
capillarity. The specific gravities are inversely as 
the heights, as: 

1. Water stands at height of 45 cm. 

2. Liquid stands at height of 30 cm. 

45 -f 30 = 1.5 sp. gr. of liquid. Ans, 
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Fig. 46. 



Exp. 72. — To find the specific gravity 
of a soluble solid [i.e. one soluble in 
water as rock salt]. 
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Take some liquid in which the solid will not dissolve. Find the 
specific gravity of this liquid and proceed as follows: — 

1. Wt. in air 00 

2. Wt. in liquid (whose sp. gr. is 1.1) .... 38 

3. Loss in liquid 22 

. V Loss in water ) 

I Wt. equal vol. water ^ L^^ -M.l] . . . . 20. 

60 -r 20 = 3 sp. gr. Ans. 



Note. — There is almost always one liquid readily obtained, 
which will not dissolve any given soluble solid, and that is a satu- 
rated solution of that solid. 



Exp. 73. — To find the specific gravity of an insolu- 
ble solid, " lighter than water" [e.g., cork]. 

1. Wt. in air 5.2 

2. Wt. of lead sinker in water 40. 

3. Wt. of substance and sinker in water . . . 20.2 

. \ Loss in water ) ^ 

^- J Wt. equal vol. water. \ P'^ + 19.8] ... 25. 

5.2 -f 25 = .2 + sp. gr. Ans. 

Note. — Tie the sinker with double loop, long and short. Attach 
long loop to hook on scalepan to weigh sinker in water, and to weigh 
substance and sinker in water pass long loop attached to substance 
through short loop attached to sinker. The loss of weight of the 
substance in water is composed of two elements, (1) the whole of its 
own weight, and (2) all it " takes off" from the weight of the sinker. 
The "weight in water" of such a substance is of course negative. 
In the example above the "weight in water" is — 19.8. Avery 
** porous" body like cork has its cavities filled with air. This 
gradually gives place to water as the body remains submerged, and 
of course the buoyancy grows gradually less. A water-soaked log is 
much heavier than a dry log, because the minute gaseous cavities 
have all been filled with water. 
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Exp. 74. — To find the TOlnme of an irregular solid 
[i.e., one whose average length, breadth, and thickness 
can not be readily determined by direct measurement]. 



1. Wt. of rough stone in air . . 

2. Wt. of rough stone in water . 

Loss in water or 

Wt. equal vol. of water 



3. 



. . 60.4 gms. 
. . 40.8 gms. 

. . 19.6 gms. 



One gram of water has a volume of 1 cu. cm* 
19.6 gms. have a volume of 19.6 cu. cm. 

The stone has the same volume as the displaced water, therefore, — 
volume of stone = 19.6 cu. cm. Ans, 

Note. — Of course this same method may be used to find the 
volume of any solid, however regular. 

Exp. 75. — To find the specific gravity of a finely divided solid, 
as sand. 

Make a Nicholson's hydrometer (Fig. 47, a), as follows: — 
Solder two brass wires 6 centimeters long to the bottom of a small 
baking-powder can, and one wire about 10 centimeters long 
to the center of the top. The can should previously be 
made air tight. Fasten a round sheet of lead h (" lower 
pan ") to the two wires, and a flat cork c (" upper pan ") 
to the top wire. Set the hydrometer into a deep receiver 
of water, after placing a mark on the center of the upper 
wire below the cork to which ]X)int the weighted hydrom- 
eter is to sink. Place a piece of glazed paper on upper pan 
to hold sand, and upon this place weights to sink hydrom- 
eter to mark. Wire support should be placed across 
the top of the receiver to prevent the accidental sinking 
of the upper pan, and the paper to hold sand should 
remain all the time on the upper i^an, and all weights ™ ^« 
should be placed there. 

1. Wt. necessary to sink hydrometer to mark . 24. gms. 

2. Wt. necessary to sink with sand on upper pan, 16. gms. 

24 — 16 = 8 gms., wt. of sand in air. 
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3. Wt. necessary with sand on lower pan . . 
19.2 gms. — 16 gms. = 3.2 gms. 



4. 



Loss of wt. in water 
Wt. equal vol. water 

8 ^ 3.2 = 2.5 sp. gr. of sand. Arts, 



19.2 gms. 



3.2 gms. 



Note. — The specific gravity of any insoluble solid "heavier" or 
"lighter" than water maybe obtained by using Nicholson's hydrom- 
eter, but this method is not quite so accurate as the method with 
the balance. A metallic bucket may be used to find the specific 
gravity of sand by means of several weighings. 



Exp. 76. — To find the mass of a body having its 
volume (dimensions) and specific gravity given. 

A brick of silver (sp. gr. 10.5), 10 cm. long, 6 cm. wide, and 4 cm. 
thick, weighs how much ? 

1. 10 X 6 X 4 = 240 cu. cm. = volume (bulk or contents). 

2. It would weigh 240 gms. if water ^ 
but being 10.5 times as heavy as water, it weighs 

3. 240 gms. X 10.5 = 2520 gms. Am, 



\ 



Exp. 77. — JFill with water dish a. Fig. 48, from which a fine 
glass tube h emerges as shown. Observe the 
height of the water in tube h after it has been 
wet above surface of liquid by rubbing with 
fine wire. (Why ?) Mark by putting wet red 
litmus paper on side of tube. — Weigh a heavy 
bottle that will just float in water with stopple 
in. Place this bottle in dish a. What effect 
upon water in 6 / By means of a pipette pre- 
viously wet remove water from a equal to the Fig. 48. 
weight of the floating bottle, and observe height of surface in 6. 
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A flatting body (influenced by weight and buoyancy 
only) displaces its own weight of the liquid in which 
it floats. 

Exp. 78. — Take an iron screw whose specific gravity you have 
already determined to be about 7.5, and throw it first upon water 
and then upon mercury (specific gravity 13.5 +). 

(b) Drop a dry fine needle (specific gravity 7.8 +) "broadside on" 
from as small a height as possible upon water. Wet needle and 
drop again. 

Under the influence of weight and buojrancy only, a body sinks in 
a liquid whose specific gravity is less than its own, and floats in a 
liquid whose specific gravity is greater than its own. An iron vessel 
floats because as **a body" (which includes space enclosed) its 
specific gravity is less than that of water. All ordinary floating 
bodies are considered to be under the influence of weight and buoy- 
ancy only, but minute floating bodies which are not wet by the liquid^ 
are perceptibly affected by a third force, surface tension (Exp. 42). 
Thus the dry needle displaces several times its volume of water, as 
you may see, but not 7.8 times its own volume, in other words, not 
its own weight. The surface layer of the liquid resists the passage 
of such a body apart from any effect due to buoyancy. It should be 
remembered that buoyancy is a force due to weight, its upward 
"pushing" being but the transferred downward "pushing" of the 
weight of the liquid. 

Exp. 79. — Blow soap-bubbles with illuminating gas (or with 
hydrogen) and detach from pipe. Why do they ascend ? Are they 
pushed up or pulled up ? 

(b) Blow bubbles with carbon dioxide. (Borrow generator from 
the chemical laboratory.) Do they ascend ? 'Why or why not ? 



Balloons ascend because of the buoyancy of the air. They cease 
ascending when they reach a stratum of air of the same specific 
gravity as the balloon, including contents. [See balloon, parachute, 
etc., in cyclopaedia.] 
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Exp. 80. — To find tlie denslt; of nir ; that U, to find the weiglit 
of 1 CD. cm. of air. This will be numerically its specific gravity with 
reference to water. 

Solder a stopcock to a stout can ( C, Fig. 49) whose inside vol 
ume haa been carefully measured. Attach tbis can to the plate of 



Fig. 40. 

the air-pump. Attach as shown a mercurial gangs G, a bent glass 
tube whose closed arm is filled with mercury. On its supporting 
stand is a millimeter scale. Exhaust the air very slowly till the 
difference in level of the mercurial surfaces is, say, three-tenths the 
height of the barometric column. The two surfaces would be at 
the same level if all the air were exhausted. Seven-tenths of the air 
have been removed. Close stopcock, remove can, and weigh care- 
fully. Admit the air, wait a few minutes, and weigh again. 
Compute density as follows ; 

1. Volume of can (say) 1100 cu. cm. 

2. Difference In weight 993 mgs.C.993gms.) 

3. Difference if all air were exhausted . . 1.41S gms. 

4. Weight of 1100 eu. em. of air .... 1.416 gms. 

One eu. cm. of air weighs [l.419gms.-M 100] .00129 gms.(1.29mgs.) 
Density of air - .00129 gms. per cu. cm. Am. 

Note. — This fraction is about ,5([. The specific gravity of air, 
therefore, is about ^fg, with water as the standard ; that is, water is 
about 770 times as heavy, volume lor volume, as air. [For allow- 
ancea made for temperature and barometric jiresaure, see Heat.] 
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Exp. 81. — To find the specific gravity of a gas with air as the 
standard. Balance with weights upon delicate scales an 
au:-tight can with a piece of soft wax on top of it. Ee- 
move can, and making with coarse awl a hole in the top, 
enlarge and insert glass tube (6, Fig. 50) and borrowing 
from chemical laboratory, pass carbon dioxide [through 
wash-bottle of cold water and through drying-bottle of 
calcium chloride, if more accurate results are desired] 
into the can. When filled, remove tube while gas is 
Pij? 50. passing, and quickly stop hole with wax. Weigh again 
and note carefully the increase of weight in milligrams. 
Compute specific gravity of the gas as follows : — 

1. Volume of can inside (by measurement) .... 600 cu. cm. 

2. Wt. of air in can [1.29 mgs. X 600] 774 mgs. 

3. Increase of weight _ 405 mgs. 

4. Wt. of carbon dioxide in can [774 + 405] .... 1179 mgs. 

1179 -r 774 = 1.52 + specific gravity of carbon dioxide. Ans, 

Note. — To find the specific gravity of a gas " lighter than air," 
as coal gas, simply reverse the can while filling. [See ventilation.] 

MISCELLANEOUS QUESTIONS. 

1. What is the difference between density and specific gravity ? 

2. Why is a liquid rather than a solid chosen as the standard for 
specific gravity for both liquids and solids ? Among liquids why is 
water chosen ? Why is air taken as the standard for gases ? 

3. Just what did we prove by Exp. 69, instead of Archimedes' 
Principle ? " That a solid brass cylinder immersed in water," etc. 
Ans. 

4. A body whose sp. gr. is 4, loses what part of its weight in 
water ? (b) Wt. in air 60, sp. gr. 4. Wt. in water ? 

5. Wt. in air . . . 40, in water ... 25. Sp. gr. ? 

6. Wt. in air . . . 80, in sulphuric acid (sp. gr. 1.8) ... 44. 
Sp. gr. ? 

7. Wt. of stone in air . . . 70 gms., in water ... 60 gms. Vol- 
imie of stone ? 
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8. Wt. of stone in air . . . TO gms., in water ... 60 gms., in 
diluted sulphuric acid ... 55 gms. Sp. gr. of the acid ? 

9. How would you find the sp. gr. of a soluble solid ? 

10. Wt. in air . . . 10, wt. of sinker in water ... 40, wt. of sub- 
stance and sinker in water ... 25. Sp. gr. of substance ? 

11. A nugget of gold loses 15 gms, in water. Volume ? 

12. A piece of steel loses 125 lbs. in water. How long is it if its 
uniform sectional area is 36 sq. in. ? 

13. If 30 gms. sink hydrometer, if sand plus 20 gms. sinks it, and 
if sand on lower pan plus 25 gms. sinks the instrument, what is the 
sp. gr. of the sand ? [Fig. 47.] 

14. A fiatboat 20 m. long, 8 m. wide, sinks 6 dcm. deeper when 
loaded with potatoes. How many metric tons of potatoes in the 
load? 

15. Given a pair of scales weighing only 250 lbs., and other 
facilities as you might wish, how would you weigh a live elephant ? 

16. A piece of lead, sp. gr. 11.3, is 8 dcm. long, 6 dcm. wide, and 
2 dcm. thick. What does it weigh ? 

17. Why do the bodies of persons drowned usually come to the 
surface after several days ? Why will firing heavy guns frequently 
bring such bodies to the surface earlier than they would otherwise 
rise ? Why do not bodies in very deep lakes come to the surface 
again? Do drowning people "rise three times ^^ before finally 
sinking ? 

18. A balloon is intended to rise 3.4 miles. [See comments, Exp. 
57, and Mariotte's Law.] Why should it not be completely filled 
with coal gas before starting ? 

19. What would happen if we should sink an ordinary bottle of 
air, carefully corked, deep into the ocean ? If we should pump the 
air from a very thin bottle ? 

20. Why is the density of any substance in grams per cubic centi- 
meter numerically equal to the specific gravity, with water as the 
standard ? [But see foot-note, page 31.] 

21. A soap-bubble slowly rises in the air; do we know that the 
gas in it is "lighter than air" ? A soap bubble slowly sinks in the 
air; do we know that the gas in it is ** heavier than air" ?' 



60 ELEMENTS OF PHYSICS, 

22. Why will oil float on water? A pail partly full of water 
weighs 16 lbs. A fish weighing 4 oz. is dropped into the pail and 
floats at its center. What does the pail of water weigh with the fish 
in it? 

23. The water which you have used as a standard probably con- 
tains carbonates, sulphates, or other solid matter dissolved in it; 
how does this fact affect your results? Because of this are the 
specific gravities which you have obtained too large or too small ? 

24. The water which you have used has been too loarm, how has 
this fact affected your results ? 

25. A '' porous '' brick weighs 2.5 kgs. in air, and 1 kg. in water. 
After soaking over night it weighs 1.5 kg. in water, and 3 kgs. in 
air. Sp. gr. (1) of dry brick ? (2) Of wet brick ? and (3) of the 
material of which the brick is made ? 
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Fig- 51. 



Exp. 82. — Place a coin upon a card, and put the card over the 
wide mouth of a bottle (Fig. 51). With an elastic strip 
of wood or metal, snap the card vigorously, driving it 
horizontally. What tendency does the coin show in addi- 
tion to the tendency which gravitation gives it, that is, 
what tendency " of itself " does it show ? 

(b) Roll a ball upon a smooth, level board till it 
strikes perpendicularly some heavy obstruction. Did the 
ball "stop itself?" Does it show any perceptible in- 
crease or decrease of velocity before reaching the obstruc- 
tion ? Place a sliver oblique to balPs path, and roll again. 
Why does it not roll in a straight line now ? Prop up 
one side of the board, and roll again lengthwise. Why does it not 
roll in a straight line now ? Raise the end of the board, and roll 
down the incline observing velocity at top and bottom. Did the ball 
" of itself" increase its own velocity ? 

First Law of Motion. A body at rest tends to remain 

at resty and a body in motion tends to remain in motion 

with uniform velocity in a straight line. 

It is scarcely necessary to define motion and velocity, the one 
being change of place, the other the rate or the rapidity of the 
change. That we may know the velocity, we must know (1) the 
distance traversed, and (2) the time which elapsed while the body 
was passing over the distance. If the velocity was not uniform, this 
gives us the average velocity. We shall consider bodies moving 
with — 

1. Uniform velocity (as sailing-vessel before steady wind, train 
between stations, etc.). 

2. Uniformly accelerated velocity (as a falling body). 

3. Uniformly retarded velocity (as a body shot vertically upward). 
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Velocity is estimated in centimeters per second, meters per second, 
feet per second, miles per hour, etc. We know of no body abso- 
lutely at rest. Our own sun, the center of the solar system, is 
known to be in rapid motion, carrying the entire system with it. 
Rest then is relative. A body "at rest" upon the equator of the 
earth is at rest relative to the soil about it, but it is moving east- 
ward (because of the earth's rotation), with that soil about 1,000 
miles per hour. Nor is this all: the body is moving about 19 miles 
per second (anti-clockvoise looking south) with the earth along the 
earth's orbit. It has a third motion with the solar system of roughly 
16 miles per second. How many " other motions" it has we do not 
know, but we have every reason to suppose that these three are only 
a few of them. Of course with reference to any fixed portion of 
space, there is only one resultant line of motion over which the body 
moves. This is a very complex curve. 

Momentum (plural, momenta) is the quantity of 
motion, and is measured by the product of the mass 
into the velocity. 

A weight of 2 kilograms moving 5 meters per second has the 
same momentum as a weight of 5 kilograms moving 2 meters per 
second. 

A force may now be defined as that which tends to 
produce, to change the direction of, or to destroy, 
motion. 

Nothing but a force can do any one of these three things. If any 
one of these is being done, we know that a force is present. Motion 
is being produced, not only when a body at rest is being set in 
motion, but when the velocity of a body already moving is being 
increased. Motion is being destroyed when the velocity of a moving 
body is being decreased even though the body be not brought to 
rest. It is impossible to " push" without having something to push. 
It is impossible to "pull" if there is no resistance to the pull. 
Just as we say colloquially that it " takes two to make a quarrel," 
as in history we learn that two armies must be present for a battle, 
so the presence of a force implies the presence of two bodies. The 
resistance to the action of this force is itself with r^erence to the 
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given force another force present. To avoid confusion, however, one 
should always be thought of as the force and the other as the 
resistance. 

Exp. 83. — Stick a tack horizontally into a piece of hard wood, 
and push with a hammer against it. Strike the tack a blow hori' 
zontally with the hammer. Percussion or pressure is more effective 
in overcoming resistances such as that offered by a nail that is being 
driven ? 

(b) Throw a " return ball " (ball fastened to elastic cord) horizon- 
tally, and observe at what instant it " begins to pull." 

(c) Pall up by a stout thread over a cylindrical support a pound 
weight W, Fig. 52. Place below it, stuck firmly 
into wood, an erect tack. Fasten the cord hold- 
ing weight at the height of one foot. Does the 
weight possess any ability, if unopposed by the 
thread, to overcome the resistance which the tack 
offers to being pushed into the wood ? Cut the 
thread quickly with scissors just above W and see. 

Energy is the ability to overcome 
resistance. A body in motion possesses 
energy. If the moving body meets no 
resistance, it is exerting no force, but 
whenever we transfer the energy of a moving body (as 
of a hammer) to another body (as a nail), force is 
immediately developed. 

When a moving body collides with another body, part, at least, of 
its energy is transferred to the other body, and in the transfer force 
("pushing") appears. When a "return ball" is moving freely, 
energy but no force is present. The moment the motion is checked 
by the elastic cord, force ("pulling") appears. The energy of the 
moving ball is transferred to the cord. How do you know that any 
energy is transferred to the cord ? 

Energy of motion, or energy actually overcoming 
resistance, is Ctalled kinetic energy, while energy due to 
position, as W in Fig. 62, or energy due to stress, as a 
bent bow, is called potential energy. 



Figr. 52. 
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A bullet shot vertically upward has no energy before starting. 
Its energy is all kinetic as it leaves the muzzle of the gun. Half 
way up its energy is half kinetic, half i>otential. At the instant of 
reaching the highest point its energy is all potential. On the return 
its energy is part kinetic, part potential. At the moment of striking 
the earth its energy is all kinetic. A moment afterward it has no 
energy (mechanical) [see sources of heat] whatever, either kinetic 
or potential, but has expended it all overcoming resistance in pene- 
trating the earth. 

The subject Energy will by no means be completed 
in this chapter. Indeed, Physics may perhaps be best 
defined as the science which treats of matter as a yehi- 
cle for energy. 

Exp. 84. — Arrange a parallelogram as in Fig. 53 with erect post 

E. Bore -a small hole straight through 

two elastic balls of equal diameter 

(from one to two inches), and string 

them upon stout threads t and t^ 

drawn taut by means of plugs P and 

~P' set in triangular piece of wood 

fastened firmly to top of erect post. 

Take care that the parallelogram is 

exactly level. Place a third ball A at 

the base of the post, so that when ball 

on t' is dropped it just touches and 

drives A towards B, also when ball on 

t is dropped it drives A towards C 

Each moving ball possesses kinetic 

energy, which is instantly developed 

into a pushing force on meeting resistance from A. 
Drop both balls from the same height at the same 
instant, and in what direction does the ball A roll ? 
Load one ball with thick "open washer" of lead 
(Fig. 54), and drop so that the two strike ball A at the 
same instant. Transfer washer to the other ball and 
drop as before. This experiment should be carefully 

studied. [Make post E heavier than shown in cut.] 
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Second Law of Motion. Every force has its full effect 
in its tendency to produce momentum along its own line 
of direction. 

The line along which any given force tends to produce mo- 
mentum is called its ^^ Line of Direction." In ^xp. 84 the line 
of direction of the first force \& AB and of the second force A C. 
The effect produced by two or more forces acting together is called 
the resultant. For instance, AD is the line of direction of the 
resultant when the two forces are equal. The figure ABDC is 
called the parallelogram of forces^ because for any two forces act- 
ing on lines of direction at an angle with each other such a parallel- 
ogram may be constructed in which the sides represent the direction 
and magnitude of the respective forces, and the diagonal the direc- 
tion and magnitude of the resultant. If the forces act upon a body 
free to move, this parallelogram will also represent the Yelocities or 
the distances traversed. We may measure a force by means of a 
spring balance, which, when used for this purpose, is called a 
dynamometer (force-measure). 

Exp. 85. — Suspend a heavy weight (iron ball or brick) by a long 
cord. Fasten two loops of thread, one 
quite long, one short, to the cord close to 
the weight. Attach two dynamometers. 
Pull in the same direction horizontally 
till one indicates, say, 8 units of force and 
the other 6 units. Cease pulling with 
one and, taking care that the cord as 
shown by some convenient indicator, is 
kept at the same angle with the vertical, 
note the reading upon the other dynamo- 
meter, (b) Kepeat with dynamometers, 
pulling in precisely opposite directions, 
(c) Repeat with dynamometers, pulling at 
various angles, keeping angle of the cord 
constant with the vertical as shown by indicator. [Fig. 55 illustrates 
three positions of the dynamometers.] 

When two forces act along the same line of direction, 
and in the same direction, the resultant is their sum. 



FifiT 56. 
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When they act along the same line of direction, but in 
opposite directions, the resultant is their difference^ and 
its direction is that of the larger force. When the}' act 
at an angle with each other, the resultant is less than 
their sum and greater than their diflference, and its 
direction is nearer that of the larger force than that of 
the smaller. The forces with reference to the resultant 
are called components. Often the resultant, with cer- 
tain conditions, is given to find the components. This 
is easily done by a reverse process of plotting from that 
shown in Fig. 56. 




FifiT. 56. 



Example. — To find the resultant when three forces whose lines oj 
direction lie in the same plane act upon a body. 

Let Ay Fig. 56, be a post against which three pushing forces act hori- 
zontally, the first a force of 50 kilograms. Anti-clockwise from this at 
an angle of 45° with the first line of direction, a second force of 100 
kilograms acts, and anti-clockwise again, at angle of 60° with the second 
line of direction a third force of 150 kilograms acts. Wliat is the 
resultant tending to break the post, and (b) what is its direction? 
Fig. 56 ought to explain itself. Measure the final resultant (double- 
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arrowed), using your unit of measure, a scale of 10 kilograms to the 
quarter or to the half inch, and reduce to kilograms. Measure its 
angle anti-clockwise from AB, the line of direction of the first force 
mentioned. Give these as your two answers. 

Note. — Forces acting in one plane will be the only ones consid- 
ered in the problem work of this chapter. 

When three forces act, find the resultant of two of them, 
and then compound tliis fii-st resultant as though it were 
a single force, with the third force. This gives a final re- 
sultant, which is the common resultant sought. Proceed 
in a similar manner when more than three forces act. 

A small school square and sharp-pointed, hard lead pencil should 
be used in plotting. If students understand trigonometry, they may 
work these problems with accuracy. The plot, however, shows the 
method, and is sufficiently accurate for the purpose of mastering all 
simple applications of the principle of the composition of forces. If 
you miscalculate the direction of your final resultant so that in plot- 
ting it runs off your paper, simply lay under the edge of the first 
sheet a second, and run the resultant off upon it as though the two 
sheets were one. Use large units for your scale, covering the whole 
sheet with the plot, and thus increase the accuracy of your work. 

Exp. 86. — Arrange above a large piece of smooth paper upon the 
table three dynamometers pulling upon a central ring, Fig. 57, 
and held by stout threads passing round pegs (not shown in cut). 
Tighten threads by turning pegs till 
J) registers 12 units and 1/ 16 units T ^ 
of force. What does IX' register ? 
Draw lines on paper along threads 
attached to D, D', and D'' to center 
of ring, completing after remov- 
ing dynamometers. Draw paral- 
lelogram, finding by careful plot 
amount and direction of the result- 
ant of the two forces acting through 
D and I/. Compare with the force 
exerted through D", and with the 
direction of this force. If any one 
of the three strings should be cut while the dynamometers are regis- 
tering, what would happen to the ring ? 



// 
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An eqnillbrant is a force acting upon a body equal 
and opposite to the resultant of all other forces acting 
upon the body. The body thus acted upon remains at 
lest, and is said to be in equilibrium. The resultant 
of all the forces acting, including the equilibrant, is of 
course 0. 



Exp. 86. — (h) Fasten two dynamometers to the ends of a gradu- 
ate i stick, and another to the center, as shown by D, D', and 1/', in 

Fig. 58. Stretch the springs of the dyna- 
J' mometers by means of stout threads, as 

in the last experiment. Add together the 
units of force registered by D and D', and 
compare with the registration of iy\ What 
D" do you learn about the resultant of two 

Fig. 58. parallel forces acting in the same direction ? 

If the forces are equal, where must the 
equilibrant be applied? 



V 

»/' 



(c) Drive a wire nail against the center of the stick opposite D", 
and remove D". We speak of the resistance of the nail as its 
reaction* There is no motion produced by the two forces still act- 
ing, consequently there is still an equilibrant applied. What is it ? 
Cut thread, holding D' to the stick. 

Note. — Only cases in which the force acts in a plane perpen- 
dicular to the axis of rotation will be considered. 

The tendency which a force has to produce rotation 
about a given axis is called its moment. The perpeii- 
dicular distance from this axis to the line of direction 
of the force is called the arm of the force, and the 
product of the force into its arm measures the moment 
of the force. If the tendency is to produce rotation 
clockwise^ the moment is said to be positive, if anti- 
clockwise^ the moment is said to be negative. 
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Exp. 87. — Arrange D and JX, Fig. 59, so that they act upon the 
stick (body) in opposite directions with refer- 
ence to the plane (but in the same direction 0* 
with respect to rotation either clockwise or ^ 

anti-clockwise). If now a force be applied P | 

to stretch the springs of D and 1/ horizon- I 

tally, on which side of P must you drive the ^ 

wire nail to prevent motion ? Try it. Can Figr. 69. 

you prevent motion by driving two nails ? 

If so, where with reference to P and on which side of the stick 

would be the best place to drive them ? Can you apply any sinyle 

equilibrant that will prevent motion ? 



A conple is produced when two equal parallel forces, 
i.e., forces whose lines of direction are parallel, act in 
opposite directions upon a body. The tendency of 
the two forces is to produce rotation about an axis. 
No single equilibrant can be applied. [See Fig. 84 and 
comments.] 



Exp. 88. — Rule a line a little more than a meter long upon the 
table. Drive a wire nail erect at the center 
of this line. Against this nail place the 
center of the meter stick (or other graduated ^ 
stick), with dynamometers as shown in 
Fig. 60. Apply forces, but keep the stick pj qq 

in equilibrium as shown by the line. Observe 
registration of force units on each dynamometer. 



0' 

A 

P 
■' 



(6) Slide the stick along till the two arms are respectively 60 and 
40 centimeters long. Apply force to each dynamometer by means 
of thread passing round pegs and at right angles to stick. Pre- 
serve the equilibrium of the body (stick). Read the registration 
of force units. Multiply the force units shown on D by its arm, 
and the force units shown on D' by its arm, and compare pro- 
ducts. 
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(c) Slide stick, and with nail at middle point pull obliquely on 
one dynamometer and at right angles to stick on the other. Which 
gives the greater registration ? Why ? 

(d) Apply two dynamometers on one side of the nail and one on 
the other side, all pulling in the same direction. Add the two 
products {momenUi) on the one side, and compare with the moment 
on the other side. 



With respect to two or more forces acting upon a 
body free • to rotate, the body is in eqailibriam vrith 
respect to rotation when the sum of the moments of all 
the forces tending to produce rotation in one direction 
is equal to the sum of the moments of all the forces 
tending to produce rotation in the other direction. 

« 

If a body acted upon by a force or by unbalanced forces moves, 
keeping any given line in the body always parallel to itself, this 
motion in distinction from rotary motion is called Motion of Trans- 
lation. Rotary motion may be of two kinds: rotation proper, 
when the body rotates about an axis within itself, and revolution, 
when it rotates about an axis outside itself. In astronomy rotation 
and revolution are sharply distinguished. 



Exp. 89. — Arrange an apparatus (Fig. 61) to do these two things 

at the same time : (1) to throw one ball 
B horizontally, and (2) to drop another 
ball B' of equal size and weight. Listen 
as the two balls strike the floor. Infer- 
ences ? 

Does a force, in this case weight, 
" have Its full effect in producing momen- 
tum along its own line of direction " if 
the body it acts upon is already in motion ? If it acts, in this case 
on a body free to move, after another force has acted, as well as 
while another force is acting ? Are all the effects the same whether 
forces act simultaneously or successively ? 




Pigf. 61. 
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An upright post would be broken by a force of 200 kilograms 
applied horizontally at the top. Two forces are so applied simul- 
taneously but in opposite directions, the first of 80 kilograms, the 
second of 220 kilograms. Effect? Effect if they are successively 
applied ? 

From the southwest comer of a smooth, level, square court laid 
out ^^upon the points of the compass,'^ two boys kick horizontally a 
foot-ball. The first boy kicks precisely hard enough to send the 
ball, if he alone kicks perpendicularly, to the north line of the court. 
The second boy kicks precisely hard enough to send the ball simi- 
Urly to the east line. They kick the ball twice, the first time simul- 
taneously, the second time successively, each in his own direction. 
In what respect was the "effect" the same each time, and in what 
respect was the " effect " different ? 



When two or more forces act upon a body the order 
of the action of each modifies very materially the effects. 
It is scarcely necessary to say (you have seen the experi- 
ment performed so many times) that the effect of a 
given force is greater as the time of its action is greater. 
The expansive force (tension) of the gases from explod- 
ing gunpowder will throw the bullet from the rifle far- 
ther than from the revolver. This is principally because 
this expansive force acts longer upon the bullet before 
it leaves the barrel of the rifle than upon the bullet in 
the revolver. 



Exp. 90. — Place four elastic balls (ivory, celluloid, agate, etc.) 
from 3 to 5 centimeters in diameter at the bottom of a curved ball- 
track (Fig. 62), and roll another down against 
them. The first ball (the ball rolled) "ac^s" 

upon the second, and the second '•^reacts'''' ^""^ QCCO ^ 

upon the first, stopping it. Why does not the Fig. 62. 

second move ? Wliy does the last move ? 

(6) Suspend a can of water (Fig. 63) having large vent on top, 
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and stopped orifice O in one side, by a long thread. Place any 
conyenient indicator S at bottom to indicate the yerti 
caL Remove stopple, and leave can free to move in tbe 
vertical plane in which the stream of water runs. It 
moves opposite from the direction in which the water 
emerges. Why ? [Think carefully, for this experiment 
would work in a vacuum.] 

(c) Blow into tube/ of the " reaction wheel " (Fig. 30). 
((Z) Repeat (a), placing a lead ball at the center. 



Third Law of Motion* Reaction is equal to 
actio^i , and in the opposite direction. 



ExF. 91. — Upon a smooth, level board fasten an 
upright strip of hard wood for a 
reflector (Fig. 64). Fa^en two 
narrow strips forming "ball- 
track" from A nearly to B, so 
that the ball may almost touch the level 
board. At J5, where the line along the 
center of the "track" would touch the re- 
flector, erect the perpendicular PB. Roll three balls successively, 
having respectively little, more, and most elasticity (lead, hard 
wood, ivory), giving to each the same and rapid velocity upon the 
track. Observe angles PBR, PBTt\ and PBR\ These are called 
angles of reflection, ABP is called the angle of incidence, 

(h) Throw a rubber ball obliquely against the smooth floor, par- 
allel to the wall. 

For perfectly elastic material [that is, material that 
would give back promptly and without loss by molecu- 
lar friction all the energy used in compressing it], we 
should have the following Law of Reflection : — 

The angle of incidence is equal to the angle of reflec- 
tion, both lying in the same plane perpendicular to the 
reflecting surface. 




FlfiT- 64. 
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Exp. 92. — Fasten a 50-gram weight to an elastic cord, and to a 
fine thread also. Holding firmly by the cord and lightly by the 
string (with other fingers), whirl horizontally, keeping the hand as 
still as possible. Time the number of whirls with watch or pendu- 
lum, after they have become regular. Measure by stretching the 
cord to same extent with dynamometer the force exerted to prevent 
the SQ-gram weight from moving in a straight line. 

(6) Whirl again, doubling the velocity. Measure force. Is the 
force necessary to prevent the weight from moving in a straight line 
double or more than double what it was before ? 

(c) Double the length of the cord and swing again, with one-half 
the angular velocity. 

(0) Kepeat (a), using a 100-gram weight. 



The force acting on the concave side of the curve to 
compel a moving body to follow the curve instead of a 
straight line is called Centripetal Force. The resist- 
ance which a moving body offers to a centripetal force 
is called Centrifiigal Force, These forces vary as the 
mass of the moving body, as the square of its velocity, 
and inversely as the length of the radius of the curve. 
These two forces are equal and opposite. If one is 
thought of as the action, the other is the reaction. If 
one is theforce^ the other is the resistance. 



The earth is turned from a straight line to its orbital curve by 
the centripetal force, mutual attraction between the sun and itself. 
A constant or a continuous force acting upon a moving body in any 
other direction than along the line of motion (with or opposite in 
direction to the motion) causes the moving body to describe a curve. 
As an example we may observe a body thrown horizontally. If 
thrown vertically upward or downward there is no curve, as the con- 
stant force, weight, acts along the same vertical with or against the 
projecting force. 
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Exp. ftJ. —Revolve rapidly a flexible hoop by means of a string 

wound round the spool a. Fig. Go, to which the 
hoop is fastened, the whole being supported 
by the axis 6. 

(o) Place a little water in the bottom of a 
" round " flask. Fasten the stopple in firmly 
with copper wire. Suspend to vertical axis 
(of siren) from center of stopple, and revolve 
rapidly. Why does the water flow up to the 
Fig. 65. central zone of the bulb ? 

The esiith's equatorial diameter is greater than the 
polar. Can you suggest an explanation? 

The surface of the Gulf of Mexico is about 2^ miles farther from 
the center of the earth than the surface of Lake Itasca. If we define 
up as " direction from the earth's center, ^^ then the Mississippi 
River flows " up hill." But with reference to running water water- 
levels, railroad beds, etc., this is the wrong definition of the word 
"up." Direction above the sea-level of the parallel of latitude is 
" up," and below the sea-level is " down," that is, the sea-level is the 
curve for upward and downward measurements with reference 
to water-levels. The surface of Lake Itasca is several hundred feet 
above the sea-level of its parallel of latitude, while the surface of 
the Gulf of Mexico is only a very few feet above the sea-level of its 
parallel, therefore, the Mississippi River does not flow " up hill," 
but flows down hill several hundred feet. [See gyroscope rotation, 
planetary orbits, motion, etc., in larger works, and in cyclopaedia.] 



1. Why 
stamp our 

2. Wliy 



^ 



4^csrg 



QUESTIONS. 

does beating a carpet free it from dust ? (6) Why do we 
feet to get snow or mud off ? 

can we drive on the hea^ of an ax by striking the end of 
the handle against a log ? 
3. Two horses A and B are attached to 
6dcm. an "evener" one meter long, as shown in 

Fig. 66. What part of the load IT does each 
horse pull ? 



J 



ee. 



Fig. 

4. Give five illustrations of some effects of inertia that you have 
observed. 
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5. What good does it do for the boy to dodge when he is closely 
pursued ? 

6. What do you notice when you ride in the cars round a sharp 
curve ? Explain. 

7. Is there any truth in the saying of the old joke, "It isn't the 
fall that hurts, but the stopping so quick '' ? 

8. Shoot an arrow from the rear platform of the train, directly 
backward, with the same velocity as the train has. What becomes 
of the arrow ? 

9. Why is a " running jump " longer than a ** standing jump " ? 
(6) Can you jump farther from a small flat rock lying in the mud 
flats, or from a large flat rock similarly placed ? (c) Suppose one is 
standing quietly upon a "spring board'' and immediately jumps, 
can he make as good a jump as he could from the solid ground ? 
{d) Under what circumsta^ices and at what moment can he make 
the best jump from the " spring board " ? Explain. 

10. The resultant of two forces acting at right angles is 500 kg. 
One of the components is a force of 300 kg. How great is the other 
component ? • 

11. A cow and a goat tied to the same stake pull respectively 
60 kg. and 20 kg. at an angle of 45^. What is the direction and 
amount of the resultant ? 

12. A bar 10 ft. long, supported at each end, sustains a load of 
100 lbs. Where must the load be hung that one support may sustain 
65 lbs. and the other 35 lbs. ? 

13. Explain how the sportsman shoots a rapidly flying bird ? 

14. Four boys pass ball upon the deck of a steadily moving 
steamer, the wind moving in the direction of the arrow 
(Fig. 67), with the same velocity and in the same direc- 
tion as the steamer. They pass the ball around the 
parallelogram in the order of the letters. Must any of 
them allow for the motion of the steamer in throwing 
the ball ? Why or why not ? 

15. How would you throw a ball from a rapidly 
moving train, that one upon the ground could catch it 
without changing his position ? 

16. The top of a tall tower or the bottom moves ^* 
eastward with greater velocity ? (h) A ball dropped in still air on 
the south side of a tall, solid stone tower would strike the earth 
slightly north, and very perceptibly east, of the vertical line. What 
two forces contribute to this result ? 
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17. A rope hung from a hook above sustains a weight (tension) 
of 50 lbs. What tension would the rope have if two men, one at 
each end, pull horizontally with a force of 50 lbs. each ? 

18. What effect upon a boat if a man blow against the square- 
rigged sail with large bellows fastened at the stern ? (b) If he blow 
" straight backward," drawing in air through large valve below ? 

19. Which has the greater momentum, a mass of 100 kg. moving 
at the rate of 50 m. per sec, or a mass of 60 kg. moving 90 m. per 
sec. ? (b) As " reaction is equal to action," which has the greater 
momentum, the bullet or the rifle from which it is shot ? Why has 
the rifle so little velocity ? Exactly what is the velocity of the rifle 
compared to that of the bullet ? 

20. If the earth's rotation could be stopped without any other 
effect, how would it affect the weight of bodies at the equator ? At 
the poles ? (b) Could the rotation cease, how would it effect the 
depths of the ocean at the equator ? At the poles ? (c) For what 
two reasons is the weight of a body less at the equator than at the 
poles ? 

21. Why do we not perceive the rapid motion of the earth as we 
do that of the express train upon which we travel ? (b) How, then, 
do we know that the earth moves at all ? 

22. Define force, energy, moment, component, resultant, equilib- 
rium, arm, centrifugal force, tendency, reaction. 

23. Some authors use weight and ** gravity" as synonomous 
terms, are they really so ? Is the weight of a body more or less than 
the measure of the mutual attraction between the body and the 
earth, both taken at the latitude of 38° N. ? Taken at the equator ? 
At the poles ? 

24. Give two *^ substitute experiments:" (a) one a good selection 
from some other book, and (6) one of your own devising. 

25. Mention two cases in which the comments of this chapter 
exceed the proof which the experiment offers, and (b) three cases in 
which the experiment suggests to you other and further comments. 

26. Two bodies have the same momenta, one weighs 25 lbs., the 
other 75 lbs. The velocity of the second is 300 ft. per second. What 
is the velocity of the first ? 
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CHAPTER VII. 

WORK AND ENERGY. 

Exp. 94. — Stand a foot rule vertically upon the edge of the tahle; 
hold a pound weight beside it, the bottom of the weight at the level 
of the table. Kaise the weight slowly and place it on the top of the 
ruler, (b) Repeat, using meter stick and kilogram weight instead 
of foot rule and pound weight. 

Work is overcoming resistance. When a force acts 
through space, that is, overcomes resistance, work is 
done. If the resistance is merely balanced, and the 
force produces no motion, no work is done. When 
you merely hold a weight you are doing no work, 
though in the general literary and physiological sense 
it may be ''hard work" to hold it. When you raise 
the weight, however, you do work. A body that is 
moved is said to have work done upon it, while the 
body that moves another is said to do work. Steam 
confined in the boiler of an engine is doing no work, 
though it may be pressing ever so hard against the 
resisting iron shell which confines it. The moment, 
however, the steam is let against the piston, so as to pro- 
duce motion^ that is, so as to overcome resistance, it does 
work. 

The swinging bat transfers a large part of its energy to the ball. 
The moving ball possesses energy because of work done upon it by 
the bat. The coiled spring possesses energy because of work done 
upon it in winding it up. The clock-weights possess energy because 
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WORK AND EXEHGY. 



CHAPTER VII. 
WOBK AND BNEBaY. 

Exp. 94. — Stand a foot rule vertically upon the edge of the table: 
bold a pound weight l>eaide it, the bottom of the weight at the h-vel 
of the table, itaise the weight Bluwly and place it on Ibe top of Ibe 
ruler, (b) Repeat, using met«r stick and kilognm weight insl'-ad 
of foot rule and pound weight. 

Work is overeoming resistance. When a force aut.s 
through space, that is, overeome» resistance, work U 
done. If the i-esistance is merely balanced, antl tlie 
force produces no motion, no work is clone. When 
vou merely hold a weight you are doing no work, 
iboogh in the genei-al literary and physiological sense 
Lt may be " hard work "to hold it. When you niise 
;he weight, however, you do work. A body that is 
moved is said to have work done upon it, while the 
■*Aj that moves another is said to do work. Steam 
-:afined in the boiler of an engine is doing no work, 
U-oogh it may be pressing ever so hard against the 
rrsistiiig iron shell which confines it. The moment, 
^-werer, the steam is let against the piston, so as to pro- 
■'«-r motim, that is, so as to overcome resistance, it does 
T,rk. 

The swinging bat transfers a large part of its energy to the ball. 

T^-! BoTing ball possesses energy because of work done upon it by 
I ^ bit. The coiled spring possessea energy because of work done 
I '.poaiEui ".!-Ji — :< .ip. The clock-weights possess energy because 
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17. A rope hung from a hook above sustains a weight (tension) 
of 50 lbs. What tension would the rope have if two men, one at 
each end, pull horizontally with a force of 50 lbs. each ? 

18. What efifect upon a boat if a man blow against the square- 
rigged sail with large bellows fastened at the stern ? (b) If he blow 
** straight backward," drawing in air through large valve below ? 

19. Which has the greater momentum, a mass of 100 kg. moving 
at the rate of 50 m. per sec, or a mass of 60 kg. moving 90 m. per 
sec. ? (6) As " reaction is equal to action," which has the greater 
momentum, the bullet or the rifle from which it is shot ? Why has 
the rifle so little velocity ? £xactly what is the velocity of the rifle 
compared to that of the bullet ? 

20. If the earth's rotation could be stopped without any other 
effect, how would it afifect the weight of bodies at the equator ? At 
the poles ? {h) Could the rotation cease, how would it effect the 
depths of the ocean at the equator ? At the poles ? (c) For what 
two reasons is the weight of a body less at the equator than at the 
poles ? 

21. Why do we not perceive the rapid motion of the earth as we 
do that of the express train upon which we travel ? (6) How, then, 
do we know that the earth moves at all ? 

22. Define force, energy, moment, component, resultant, equilib- 
rium, arm, centrifugal force, tendency, reaction. 

23. Some authors use weight and "gravity" as synonomous 
terms, are they really so ? Is the weight of a body more or less than 
the measure of the mutual attraction between the body and the 
earth, both taken at the latitude of 38° N. ? Taken at the equator ? 
At the poles ? 

24. Give two *^ substitute experiments:" (a) one a good selection 
from some other book, and (b) one of your own devising. 

25. Mention two cases in which the comments of this chapter 
exceed the proof which the experiment offers, and (6) three cases in 
which the experiment suggests to you other and further comments. 

26. Two bodies have the same momenta, one weighs 25 lbs., the 
other 75 lbs. The velocity of the second is 300 ft. per second. What 
is the velocity of the first ? 
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CHAPTER VII. 

'WORK AND ENERGY. 

Exp. 94. — Stand a foot rule vertically upon the edge of the table ; 
hold a pound weight beside it, the bottom of the weight at the level 
of the table. Kaise the weight slowly and place it on the top of the 
ruler, (b) Repeat, using meter stick and kilogram weight instead 
of foot rule and pound weight. 

Work is overcoming resistance. When a force acts 
through space, that is, overcomes resistance, work is 
done. If the resistance is merely balanced, and the 
force produces no motion, no work is done. When 
you merely hold a weight you are doing no work, 
though in the general literary and physiological sense 
it may be "hard work" to hold it. When you raise 
the weight, however, you do work. A body that is 
moved is said to have work done upon it, while the 
lx)dy that moves another is said to do work. Steam 
confined in the boiler of an engine is doing no work, 
though it may be pressing ever so hard against the 
resisting iron shell which confines it. The moment, 
however, the steam is let against the piston, so as to pro- 
duce motion^ that is, so as to overcome resistance, it does 
work. 

The swnging bat transfers a large part of its energy to the ball. 
The moving ball possesses energy because of work done upon it by 
the bat. The coiled spring possesses energy because of work done 
upon it in winding it up. The clock-weights possess energy because 
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17. A rope hung from a hook above sustains a weight (tension) 
of 50 lbs. What tension would the rope have if two men, one at 
each end, pull horizontally with a force of 50 lbs. each ? 

18. What effect upon a boat if a man blow against the square- 
rigged sail with large bellows fastened at the stern ? (6) If he blow 
" straight backward," drawing in air through large valve below ? 

19. Which has the greater momentum, a mass of 100 kg. moving 
at the rate of 50 m. per sec, or a mass of 60 kg. moving 90 m. per 
sec. ? (h) As " reaction is equal to action," which has the greater 
momentum, the bullet or the rifle from which it is shot ? Why has 
the rifle so little velocity ? Exactly what is the velocity of the rifle 
compared to that of the bullet ? 

20. If the earth's rotation could be stopped without any other 
effect, how would it affect the weight of bodies at the equator ? At 
the poles ? (h) Could the rotation cease, how would it effect the 
depths of the ocean at the equator ? At the poles ? (c) For what 
two reasons is the weight of a body less at the equator than at the 
poles ? 

21. Why do we not perceive the rapid motion of the earth as we 
do that of the express train upon which we travel ? (b) How, then, 
do we know that the earth moves at all ? 

22. Define force, energy, moment, component, resultant, equilib- 
rium, arm, centrifugal force, tendency, reaction. 

23. Some authors use weight and "gravity" as synonomous 
terms, are they really so ? Is the weight of a body more or less than 
the measure of the mutual attraction between the body and the 
earth, both taken at the latitude of 38° N. ? Taken at the equator ? 
At the poles ? 

24. Give two *^ substitute experiments:" (a) one a good selection 
from some other book, and (6) one of your own devising. 

25. Mention two cases in which the comments of this chapter 
exceed the proof which the experiment offers, and (b) three cases in 
which the experiment suggests to you other and further comments. 

26. Two bodies have the same momenta, one weighs 25 lbs., the 
other 75 lbs. The velocity of the second is 300 ft. per second. What 
is the velocity of the first ? 
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CHAPTER VII. 

^WORK AND ENERGY. 

Exp. 94. — Stand a foot rule vertically upon the edge of the table; 
hold a pound weight beside it, the bottom of the weight at the level 
of the table. Kaise the weight slowly and place it on the top of the 
niler. (h) Repeat, using meter stick and kilogram weight instead 
of foot rule and pound weight. 

Work is overcoming resistance. When a force acts 
through space, that is, overcomes resistance, work is 
(lone. If the resistance is merely balanced, and the 
force produces no motion, no work is done. When 
you merely hold a weight you are doing no work, 
though in the general literary and physiological sense 
it may be "hard work" to hold it. When you raise 
the weight, however, you do work. A body tliat is 
moved is said to have work done upon it, while the 
i3ody that moves another is said to do work. Steam 
confined in the boiler of an engine is doing no work, 
though it may be pressing ever so hard against the 
resisting iron shell which confines it. The moment, 
however, the steam is let against the piston, so as to pro- 
duce motion^ that is, so as to overcome resistance, it does 
work. 

The si?iringing bat transfers a large part of its energy to the ball. 
The moving ball possesses energy because of work done upon it by 
the bat. The coiled spring possesses energy because of work done 
upon it in winding it up. The clock-weights possess energy because 
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17. A rope hung from a hook above sustains a weight (tension) 
of 50 lbs. What tension would the rope have if two men, one at 
each end, pull horizontally with a force of 50 lbs. each ? 

18. What effect upon a boat if a man blow against the square- 
rigged sail with large bellows fastened at the stern ? {b) If he blow 
" straight backward," drawing in air through large valve below ? 

19. Which has the greater momentum, a mass of 100 kg. moving 
at the rate of 50 m. per sec, or a mass of 60 kg. moving 90 m. per 
sec. ? (h) As " reaction is equal to action," which has the greater 
momentum, the bullet or the rifle from which it is shot ? Why has 
the rifle so little velocity ? Exactly what is the velocity of the rifle 
compared to that of the bullet ? 

20. If the earth's rotation could be stopped without any other 
effect, how would it affect the weight of bodies at the equator ? At 
the poles ? {!>) Could the rotation cea»e, how would it effect the 
depths of the ocean at the equator ? At the poles ? (c) For what 
two reasons is the weight of a body less at the equator than at the 
poles ? 

21. Why do we not perceive the rapid motion of the earth as we 
do that of the express train upon which we travel ? (b) How, then, 
do we know that the earth moves at all ? 

22. Define force, energy, moment, component, resultant, equilib- 
rium, arm, centrifugal force, tendency, reaction. 

23. Some authors use weight and "gravity" as synonomous 
terms, are they really so ? Is the weight of a body more or less than 
the measure of the mutual attraction between the body and the 
earth, both taken at the latitude of 38° N. ? Taken at the equator ? 
At the poles ? 

24. Give two *^ substitute experiments:" (a) one a good selection 
from some other book, and (6) one of your own devising. 

25. Mention two cases in which the comments of this chapter 
exceed the proof which the experiment offers, and {b) three cases in 
which the experiment suggests to you other and further comments. 

26. Two bodies have the same momenta, one weighs 25 lbs., the 
other 75 lbs. The velocity of the second is 300 ft. per second. What 
is the velocity of the first ? 
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CHAPTER VIL 

WORK AND ENERGY. 

Exp. 94. — Stand a foot rule vertically upon the edge of the table; 
hold a pound weight beside it, the bottom of the weight at the level 
of the table. Kaise the weight slowly and place it on the top of the 
ruler, (b) Repeat, using meter stick and kilogram weight instead 
of foot rule and pound weight. 

Work is overcoming resistance. When a force acts 
through space, that is, overcomes resistance, work is 
done. If the resistance is merely balanced, and the 
force produces no motion, no work is done. When 
you merely hold a weight you are doing no work, 
though in the general literary and physiological sense 
it may be "hard work" to hold it. When you raise 
the weight, however, you do work. A body that is 
moved is said to have work done upon it, while the 
l)ody that moves another is said to do work. Steam 
confined in the boiler of an engine is doing no work, 
though it may be pressing ever so hard against the 
resisting iron shell which confines it. The moment, 
however, the steam is let against the piston, bo as to pro- 
duce motion^ that is, so as to overcome resistance, it does 
work. 

The swinging bat transfers a large part of its energy to the hall. 
The moving ball possesses energy because of work done upon it by 
!be bat. The coiled spring possesses energy because of work done 
ajK)!! it in winding it up. The clock-weights possess energy because 
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17. A rope hung from a hook above sustains a weight (tension) 
of 50 lbs. What tension would the rope have if two men, one at 
each end, pull horizontally with a force of 50 lbs. each ? 

18. What effect upon a boat if a man blow against the square- 
rigged sail with large bellows fastened at the stern ? (h) If he blow 
" straight backward," drawing in air through large valve below ? 

19. Which has the greater momentum, a mass of 100 kg. moving 
at the rate of 50 m. per sec, or a mass of 60 kg. moving 90 m. per 
sec. ? (h) As " reaction is equal to action," which has the greater 
momentimi, the bullet or the rifle from which it is shot ? Why has 
the rifle so little velocity ? Exactly what is the velocity of the rifle 
compared to that of the bullet ? 

20. If the earth* s rotation could be stopped without any other 
effect, how would it affect the weight of bodies at the equator ? At 
the poles ? (6) Could the rotation cease, how would it effect the 
depths of the ocean at the equator ? At the poles ? (c) For what 
two reasons is the weight of a body less at the equator than at the 
poles ? 

21. Why do we not perceive the rapid motion of the earth as we 
do that of the express train upon which we travel ? (b) How, then, 
do we know that the earth moves at all ? 

22. Define force, energy, moment, component, resultant, equilib- 
rium, arm, centrifugal force, tendency, reaction. 

23. Some authors use weight and ** gravity" as synonomous 
terms, are they really so ? Is the weight of a body more or less than 
the measure of the mutual attraction between the body and the 
earth, both taken at the latitude of 38° N. ? Taken at the equator ? 
At the poles ? 

24. Give two *^ substitute experiments:" (a) one a good selection 
from some other book, and (h) one of your own devising. 

25. Mention two cases in which the comments of this chapter 
exceed the proof which the experiment offers, and (b) three cases in 
which the experiment suggests to you other and further comments. 

26. Two bodies have the same momenta, one weighs 25 lbs., the 
other 75 lbs. The velocity of the second is 300 ft. per second. What 
is the velocity of the first ? 
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CHAPTER VII. 

WORK AND ENERGY. 

Exp. 94. — Stand a foot rule vertically upon the edge of the table ; 
hold a pound weight beside it, the bottom of the weight at the level 
of the table. Kaise the weight slowly and place it on the top of the 
ruler. (6) Kepeat, using meter stick and kilogram weight instead 
of foot rule and pound weight. 

Work is overcoming resistance. When a force acts 
through space, that is, overcomes resistance, work is 
done. If the resistance is merely balanced, and the 
force produces no motion, no work is done. When 
you merely hold a weight you are doing no work, 
though in the general literary and physiological sense 
it maybe "hard work" to hold it. When you raise 
the weight, however, you do work. A body that is 
moved is said to have work done upon it, while the 
body that moves another is said to do work. Steam 
confined in the boiler of an engine is doing no work, 
though it may be pressing ever so hard against the 
resisting iron shell which confines it. The moment, 
however, the steam is let against the piston, so as to pro- 
duce motion^ that is, so as to overcome resistance, it does 
work. 

The swinging bat transfers a large part of its energy to the ball. 
The moving ball possesses energy because of work done upon it by 
the bat. The coiled spring possesses energy because of work done 
upon it in winding it up. The clock-weights possess energy because 
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of work done npon them in raising them from the lowest point 
They will give back again this energy in descending, and do work 
upon the clock. 

Work and energy stand in the relationship of cause 
and effect. Bodies possess energy because of previous 
work done upon them. If more work has been done 
upon the body, it possesses more energy ; if less work 
has been done, it possesses less energy. Manifestly, 
a unit which will measure work will measure 
energy. 

A foot-pound of work is the work necessary to over- 
come the weight of one pound through a vertical dis- 
tance (space) of one foot. How much work did you 
do in lifting the pound weight one foot? If you had 
raised a ten-pound weight five feet high ? 

A foot-pound of energy is the energy that must be 
expended to do a foot-pound of work, or it is the energy 
capable of doing a foot-pound of work. 

The kilogram-meter of work is the work necessary 
to overcome the weight of one kilogram through the 
vertical distance (space) of one meter. 

A kilogram-meter of energy is the energy that must 
be expended to do a kilogram-meter of work, or it is the 
energy capable of doing a kilogram-meter of work. 

Notice that in measuring work there are two things to be consid- 
ered : the resistance and the distance through which it is overcome. 
In measuring energy tiiere are two things to be considered : the 
force and the distance through which it acts. 
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Exp. 95. — Tie a stout thread to the kilogram weight. Pass the 
thread over a pulley (round piece of half-inch board, with wire nail 
driven through the center, with drop of oil on nail), 
and pull straight downward till weight is raised one ^ 

meter. Pull horizontally, and raise weight (overcome 
resistance) as before. Pull obliquely over the pulley \<^ 
at different angles. Omitting weight of the thread, 
friction of pulley, etc., how much work do you do in 
each case, if you raise the weight one meter ? Does I 
it matter in what direction the force moves in over- 
coming the resistance as to the work done or the 
energy expended ? 

If we let W, R9 and S represent respectively the work, the resist- 
ance, and the distance through which resistance is overcome, we 
have 

W = RS. 

If we let E, F, and S represent respectively the energy, the force, 
and the distance through which the force acts, we have 

E = FS. 

In all contracts for the doing of work, or for the delivery of 
energy, the "element of time'''' is an important consideration, that 
is, the rate of doing the work, or the rate of expenditure of the 
energy. If a farmer had hundreds of acres of land to be plowed, he 
manifestly would not enter into the contract, paying so much money 
to have the land plowed, without knowing whether, for instance, the 
contractor would be six days or six years in plowing it. The rate 
of expenditure of the energy in plowing would be of the utmost 
importance. So, were a man to build a large, fine house, he would 
want to know whether the contractor would be twenty-five days, or 
twenty-five years, in building it. 

Power is the ability to expend energy at a certain 
rate. The only unit for the rate of expenditure of 
energy which will be considered in the mechanics of 
this book is the horse-power. 
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A horse-power is the power which can do 33,000 

foot-pounds of work per minute (or about 5,000 kilogram- 
meters of work per minute). 

Note. — It may be well to anticipate somewhat that which will 
be made clearer under heat. In tran^erring energy to do useful 
work, as explained in this chapter, it is impossible to avoid doing 
some useless work, as in driving nails, part of the energy is trans- 
formed into useless heat. No energy can be lost absolutely, but is 
lost only so far as useful work is concerned. 



QUESTIONS. 

1. How much work is done in raising 600 kg. 60 m. vertically ? 

2. How much energy would be required to raise 8 cu. m. of 
water {1 cu, m, of water weighs 1 metric ton, or 1,000 kg.) to the 
height of 75 m. ? 

3. How long would it take a two-horse-power engine to do 
150,000 kilogram-meters (kg-m.) of work ? 

4. How many kg-m. of energy will be required to raise a volume 
of water 8 m. long X 6 m. wide x 4 m. deep to the height of 30 m.? 

5. How long will it take a 600 horse-power engine to fill a reservoir 
60 m. X 40 m. X 30 m., provided the orifice of the pipe discharging 
over into the reservoir is 30 m. above the constant head of the source 
of supply ? [Allow nothing for friction in pump and pipe, nor for 
loss due to "velocity of discharge." See next chapter.] 

6. What is the potential energy of the water in a lake 200 m. 
X 150 m. X 80 m., provided water is at an average distance of 
100 m. above the sea-level ? (b) What energy (kinetic) would it 
expend in running to the sea? (c) Can potential energy be "ex- 
pended " so long as it remains such ? 

7. An engine of how many horse-power would be required to fill 
a reservoir 60 m. X 50 m. X 40 m. in 166J hours, provided the height 
of discharging orifice is 25 m. above the constant level of the source 
of supply? 

8. A pile-driving hammer weighing 1,500 lbs. falls 60 ft. How 
much work does it do upon the pile ? Is any energy " lost " in use- 
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lessly heating both hammer and pile? Why is "lost" in quota- 
tion marks ? 

9. What will be the rate of expenditure of energy should the 
lake of Question 6 descend to the sea in 30 minutes ? 

10. A bow unbending shoots an arrow weighing J of a pound 
directly upward to the height of 60 ft. How much energy was 
stored in the bent bow ? What kind of energy was it ? 

11. Compare the momenta of a 10 kg. wt. moving 300 m. per sec. 
and a 20 kg. wt. moving 200 m. per sec. 

12. An engine of how many horse-power would be required to fill, 
In a half-hour, a reservoir 20 m. x 10 m. X 5 m., the reservoir being 
25 m. above the surface of the supplying lake ? [Theoretically.] 

13. Provided 25 per cent is lost to the useful work in friction and 
through the " velocity of the discharge," how long would a 20 horse- 
power engine be in filling the last reservoir ? 

14. What energy raised the water from the ocean into the lakes ? 

15. What is the difference between force and energy ? 
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CHAPTER VIII. 

UNIFORMLY ACCBLBRATBD AND UNIFORMLY 

RETARDED MOTION. FALLING BODIES, 

ENERGY AND VELOCITY. 

Exp. 90. — Cork up a stout wide-mouthed bottle, and cutting a 

circular piece of tissue paper a little smaller than the 

cross section of the neck of bottle, drop the corked bottle 

and the tissue paper from the height of 5 dcm. to the 

table. Let the bottle fall cork downwards. Which falls 

more rapidly? Remove cork, and inserting four pins as 

-^ — r- shown in Fig. 69, place the tissue paper a upon the pins 

^i|— jiJ and reinsert the cork. Drop again, watching carefully to 

1 I see if the tissue pax)er fails to keep up with the pins. 

TT- ^ (b) HoKl a horsc-slioe magnet vertically, and drop a fine 

** * needle upon it. Drop the needle from the same height 

vijoii the table. It falls faster or not so fast upon the magnet ? 

Under the influence of weight alone, bodies at a 
given place fall with equal velocities, regardless of 
their densities. Bodies fall faster at the poles than at 
the equator, hoeause their weight is greater there. 
[See also Chapter VI., Question 23.] 

Bodies falling in the air are not under the influence of weight 
alone, but the resistance of the air opposes their motion. For 
instance, of two globes having equal weights that which has less 
density (and therefore greater volume) meets with greater resist- 
ance from the air. As each globe at the same height has the same 
potential energy to expend, the less dense globe falls less rapidly. 
Of two globes having equal volumes that which has greater density 
will fall more rapidly, because at the same height its potential 
energy is greater, the resistance to be overcome being the same. 
A one pound iron globe has more than half the surface of a two pound 
iron globe (of same density). Which would fall more rapidly in still 
air ? Consider carefully energy and resistance in your answer. 
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Note. — Weight with reference to a falling body will be treated as 
a constant force in this book. The resistance of the air, unless 
otherwise mentioned (or inferred from a question), will be con- 
sidered 0. The velocities of slowly moving bodies of great density 
are a£fected only very slightly by the resistance of the air. 

Exp. 97. — Drop an elastic ball from a height of one decimeter, 
and reflect motion by reflector at angle of 45°, allowing ball to roll 
on a smooth level table against an obstruction that will suddenly 
stop it. Coiuit carefully "one," "two," "three," as you respec- 
tively drop, reflect, and stop the ball. Does the ball drop farther 
or roll farther in the same time ? Be sure about this. Why does it 
roll at all ? 

Exp. 98. — [To be performed and reported by two careful boys of 
the class.] Attach a stout thread to a ball and tie a loop over an 
open screw eye fastened in movable block of wood, so that the 
thread shall be a little less than a meter long. Hang the block up 
and adjust length of thread so that ball, swung in short arc, shall 
swing 60 times in one minute by the watch, that is, once every 
second. Procure a ladder about 7 meters long. Hang seconds pen- 
dulum against the side of the house just at one side of the foot of 
the ladder. Let both boys, one above, the other below, count out 
loud the vibrations of the pendulum, the accent with voice coming 
exactly at the end oif the pendulum's "stroke." Let a heavy ball 
be dropped by boy on ladder when " eieuen" is counted, and let the 
lower boy alone count " twelve.'''' Let the ball fall on a piece of 
hardwood. When the click of the ball and the count "twelve" 
come exactly together, measure the vertical height over which the 
ball has fallen. Let the experiment be performed when there is lit- 
tle wind. How far in your latitude will a body fall in one second ? 

A I 




Exp. 99. — Incline a smooth board about 16 decimeters long by 
raising one end about 4 decimeters (Fig. 70). Draw a line across the 
board at A and another at B^ 4.9 double-centimeters below upon 
the plane, AB being your unit of distance or space. Let a smooth 
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Figr. 71. 
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heavy ball roll from a state of rest at A, till it strikes a heavy 
hard obstruction at C Count "one" when the ball is released, 
"two" when it reaches J3, and so on regularly, arranging obstruc- 
tion at C so that " five " may be coimted as the ball strikes it. Let 
the time required to pass from A to B he your unit of time. Mark 
upon the board the spaces passed over in equal times by the ball as 
it moves with uniformly accelerated velocity down the plane. The 
ball moves urged by a constant force; viz., 
that component of weight which acts 
parallel to the incline as shown by resolv- 
ing the weight into its two components 
(Fig. 71). Only this component is eflfec- 
tive in moving the ball as the other com- 
ponent is met by the reaction of the 
plane, and so far as producing motion 
is concerned is lost. Incline plane at 
varying angles and roll ball again. Mark off and study the spaces 
(Fig. 70) passed over in equal times. What do you suppose would be 

the relation of the spaces if you in- 
clined your plane 90° from the hori- 
zontal; that is, did not incline it from 
perpendicular at all ? 

Exp. 100. — Make an upright frame 
of wood (Fig. 72). Let the upright par- 
allelogram be 20 decimeters high by 
3 decimeters wide, inside measure- 
ments. Let the top and side pieces be 
1 decimeter wide, well joined at right 
angles. Let the bottom piece be of 
plank 6 decimeters long by 2 decime- 
ters wide, with four flat pieces of half- 
inch stuff nailed beneath close to the 
corners for legs. In the top piece 
(horizo n t a 1 
section. Fig. 
^^ 73) bore 
three holes 
very slightly 

larger than the diameter of the balls used in Fig. 62, the two 
outside spaces from center of holes being one-half as large as 
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the two center spaces. Ream out regularly the holes, so that they 
shall be slightly larger below than above. Bore the hole P large 
enough to freely admit a lead-pencil. Arrange a trap-door on the 
under side of quarter-inch hard wood (dotted in cut), hinged by 
means of stout iron wire along its edge, and double-pointed tacks. 
Arrange this trap so that the pencil through P, striking opposite the 
hinge, will readily knock the trap open and release the balls. Arrange 
a simple catch to hold the door back as it is knocked from under the 
balls by the pencil. Fasten a hard wood platform A to the side 
piece, as wide as the side, projecting 8 centimeters, and, using 4 cen- 
timeters as one unit of space, 4.9 units of space inside measurement 
below the horizontal top-piece. Arrange platform B three times 
as far below ^ as ^ is below top-piece, and platform C five times as 
far below £ as ^ is below top-piece. Place ball A in position, and 
knock away the trap, counting owe, two, as the click of the pencil 
and of the ball against the platform are respectively heard. Repeat 
this several times till the interval of time in the unit of time (space 
of time in which ball falls to first platform) is well fixed in the mind. 
Now place the three balls in position, and knock away the trap. 
Observe if the four clicks made by pencil and three balls respectively 
come in regular succession. The clicks made by the last two balls 
are easily distinguished from those caused by rebounds, because they 
are successively louder. A little practice makes this a very success- 
ful experiment. 

At the latitude of about 38° a body falls 4.9 meters 
(16.08 feet) the first second, and acquires a velocity of 
9.8 meters (32.16 feet) per second ; that is, the accel- 
eration is 9.8 meters per second. 

In Fig. 72, if we should change the units of time to seconds, then 
the only other change necessary would be to change the units of space 
from 4 centimeters to meters; and this experiment works, except 
the resistance of the air begins to show itself somewhat. In study- 
ing the inclined plane (Fig. 70) it will be noticed that the space 
passed through during each successive unit of time is greater by a 
definite and constant amount, and is equal to twice the space passed 
through in the first unit of time. This " constant amount " is called 
the acceleration. Also it will be noticed that the space passed 
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through in a definite number of units of time varies as the square 
of the units of time. Letting a = the acceleration, v the velocity, 
and t the time, and S the space passed over, we have the equations 

T = at 

S = iat2 

as general equations for uniformly accelerated motion. 

If a body does not fall from a state of rest, but has an initial 
velocity towards the earth given it by some force, we of course have 
the equations modified; viz., 

y = v' + at 

iDitial 
velocity 

S=v't + iat2 

For uniformly retarded motion we have only to treat a as negative, 
and make corresponding and evident modifications as (arithmetically). 

T = v — at 

at any initial 
later time velocity 

Inasmuch as weight is due to the gravitation of the earth (though 
except at the poles accurately less than the measure of "gravity"), 
the acceleration due to weight has been represented by g, and this 
time-honored custom should perhaps be continued. We have, 
therefore, as special equations for falling bodies (and with evident 
modifications for "rising bodies" as well), 

s = dgrt2 

in which equations g is a, known quantity, and in this (37° + ) lati- 
tude almost exactly 9.8 meters or 32.16+ feet. This gives us tuco 
equations and tico unknown quantities, when one of the three quan- 
tities V, t, or S is given to find the other two. 

Exp. 101. — Throw a ball vertically upward several times, catch- 
ing it as it returns to the point from which it is thrown. What is 
your opinion of the time required for it to ascend to the highest 
point compared to the time consumed while it is descending ? 

Bodies thrown upward consume the same time in 
rising to the highest point as in descending. From 
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Exp. 89 and others we learn that this is true even if 
the body be thrown obliquely. If a body rises verti- 
cally for two seconds before it begins to return, it must 
have the same initial velocity that a body would acquire 
in falling from a state of rest for two seconds ; viz., 19.6 
metei-s per second. A rifle bullet shot horizontally 
would fall to the tangent from the earth below just as 
quickly as though it were dropped. 
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Exp. 102. — Fill a receiver, having a large bent glass tube pass- 
ing through perforated cork, and drawn 
out, as shown in Fig. 74, with water, keep- 
ing finger on orifice J5. Remove finger, the 
jet from orifice rises nearly to the level of 
A. Three resistances prevent the jet from 
reaching A: (1) resistance of the air, (2) 
friction at orifice and in pipe, (3) the water 
that falling from highest point reached, 
meets the rising globules. The vertical dis- 
tance BA from the center of the dischar- 
ging orifice to the surface of the source is 
called the ** head*" Did you ever see any 
one underestimate the velocity of a "spout- 
ing liquid " when the head was great ? 
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Under the influence of pressure 
only, the velocity of a liquid flowing fiom an orifice 
is equal to that of a body that has fallen freely through 
a space equal to the head. [See ExPS. 44 and 45.] 

Since we know how high a given velocity in a vertical direction 
will raise a body, we may measure the energy of a moving body 
w^hose mass and velocity are known, in kilogram-meters. For in- 
stance, a body with a mass of 1 kilogram moving upward with a 
velocity of 9.8 meters per second, would rise 4.9 meters, just as far 
as it must fall to acquire that velocity. It would be one second 
going up and one second coming down. Manifestly it would possess 
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at the start 4.9 kilogram-meters of kinetic energy. If it had a mass 
of 2 kilograms it would possess 9.8 kilogram-meters of kinetic 
energy. If its mass were 10 kilograms it would possess 49 kilogram- 
meters of .kinetic energy. Since it does not matter in what direction 
a body is moving, its kinetic enei^ depending on its mass and its 
velocity, we have only to find through what space a given velocity 
would raise the body, if it were moving vertically upward, and we 
have (by multiplying its weight into this height) its kinetic energy in 
kilogram-meters. We deduce the formula for the sake of shorten- 
ing the operation thus: 

(1) v = gt 

v^ 

(3) t^ = -2 

(4) S = h9t^ 

(5) S 



=.»(f) 



gv^ 



0) S = 



v^ 



2y 

Letting K be the weight in kilograms, and S vertical space in 
meters as in above formulas, and E the kinetic energy, we have, 

(8) E = KS 

Substituting S from equation (7), we have the following important 
equation for finding the kinetic energy in kilogram-meters, when we 
have the weight in kilograms and the velocity of the body given in 
meters per second. 



E = 



2g 



While momentum varies as the mass and as the velocity, kinetic 
energy varies as the mass and as the square of the velocity. We 
may compare the energies of two moving bodies by a ratio Obtained 
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from the equation E = Ky^ without stopping to divide each product 
by2g. 

Note. — See Galileo, falling bodies, projectiles, miner's inch, 
hydraulic mining, etc., in cyclopaedia. If you choose to anticipate 
college work, see also the absolute units dyne, erg, and the centi- 
meter-gram-seconds (C. G. S.) system of measurements in college 
text-books. 



QUESTIONS. 

1. How far will a body fall in 1 sec? In i a sec. ? 

2. A body has fallen 5 sec, how far has it fallen ? What velocity 
has it attained ? 

3. A body has fallen 490 m., how long has it been falling? 
What velocity has it attained ? 

4. An arrow shot over a steeple reaches the ground in 6 sec, 
how high is the steeple ? 

5. A ball thrown vertically upward with an initial velocity of 
49 m. per second has what velocity at the end of 3 sec? At end of 
5 sec. ? At the end of 7 sec? 

6. A cannon-ball weighing 300 kg. and moving 500 m. per second 
has how much kinetic energy ? 

7. Which has the greater momentum, a 5 kg. weight moving 
60 m. per second or a 20 kg. weight moving 30 m. per second ? 
Which has the greater kinetic energy ? How many times as great 
as the other ? 

8. Define acceleration, weight, kinetic energy, head, kilogram- 
meter, foot-pound, power, velocity, vertical, momentum. 

9. A body shot horizontally from the top of a tower 176.4 m. 
high strikes the ground at what point, provided the velocity of 
projection is 100 m. per second ? 

10. A body shot upward at an angle of 45° with the horizon from 
a tower 30 m. high, with initial velocity of 20 m. per second, would 
be at what point at the end of the third second ? 

, meters horizontally from the tower. 

' meters from the ground. 
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Note. — The path of the projectile may be found by plotting its 
position at the end of the 1st, 2d, 3d, etc., seconds and running 
the curve through these points. If greater accuracy is required, plot 
position for fractions of seconds. There is no necessity of plotting 
the "parallelogram of forces," but the effect of the two forces may 
be plotted successively as though the other did not act, only each 
must be laid off in its own direction. The horizontal distance passed 
over by a projectile before it strikes the ground is called its range or 
random. 

11. A stone thrown downward from a building at an angle with 
horizon of 30°, with initial velocity of 30 m. per second, is how far 
below the horizontal plane from which it was thrown, in 4 sec. ? 

12. A 10 kg. weight has fallen 313.6 m., what velocity has it 
attained ? What is its kinetic energy ? Its momentum ? 

13. A body thrown vertically upward with initial velocity of 9.8 m. 
per second will rise to what height ? How long before it will return 
to the level of the starting-point ? 

14. What will be the theoretical velocity of water flowing from a 
head of 78.4 m.? 
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15. The area of the nozzle from which an hydraulic stream issues 
is 1 sq. dcm., the head 122.5 m. What will it cost the owners of 
the hydraulic mine per day of 24 hours for water, provided they pay 
$.0001 (one-tenth of a mill) per cubic meter for water, and are allowed 
10% off the theoretical flow for losses by friction, cross currents at 
nozzle, etc. ? [But see " miner's inch" in cyclopaedia.] 

16. Are two plumb lines parallel ? Why is it that some good car> 
penters will tell you they are ? A carpenter should know what a 
plumb line is. 

17. When a hammer is thrown why does it usually strike with 
the handle upward ? 

18. Why do drops of rain not strike with the velocity computed 
for falling bodies ? 

19. Why is sand, rather than rocks, thrown from a balloon to 
lighten it ? 

20. State and solve a problem under falling bodies, using the foot 
and pound as units. Compute the kinetic energy of your falling 
body at the lowest point in its fall in foot-pounds. 

21. Could we measure with ab»olute accuracy the smallest portion 
of space, should we find that the earth "fell" any towards the 
apple, while the apple was falling to the earth ? How would it be if 
two apples of equal masses were falling from the same height on 
precisely opposite sides of the earth ? 
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CHAPTER IX. 

CENTER OP GRAVITY AND STABILITY. 

Note. — Stability in this chapter will be treated as affected by 
weight only operating against the support. 

Exp. 103. — Place a knife-blade edge upward in a vise. Balance 
a homogeneous stick of uniform cross section in three different posi- 
tions, with length horizontally at right angles to knife-blade, ob- 
liquely at right angles, and vertical. Place the stick again balanced 
in horizontal position, and mark carefully vertical plane above knife- 
blade. Remove, and with fine saw cut into two pieces through this 
plane. Place pieces one in each opposite scalepan. Are they at 
least nearly of the same weight ? 

(6) Balance in horizontal position an old hammer with handle, or 
other similar body, and saw into two pieces as before. Do the two 
pieces balance in the scalepan now ? 

(c) Suspend square-cornered piece of board successively from 
two adjacent corners as shown in Fig. 76. Mark the extension of 
the vertical downward in each case upon the board by means 

of a very long ruler applied to 

suspending thread. 

((?) Support an irregular body 
(Fig. 77) upon a pivot, and 
study the figure. What does 
R mean ? What does E mean ? 
What do the little arrows 
Fig. 76. mean ? 

The Center of Gravity (c. g.) of 

a body is (1) that point through 

which any vertical plane being 

passed, the sum of the moments of 

the weights of the particles on one 

side of the plane is equal to the sum of the moments 
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on the other side ; (2) that point which lies in the plane 
vertically above any supporting bascrline upon which 
the body is balanced ; (3) that point in a balanced body 
which lies vertically above or vertically below any point 
of support, and therefore at the intei*section of any tuo 
such verticals ; or (4) the point of application of the 
equilibrant opposing the body's weight. 

Exp. 104. — Weigh a homogeneous stick of uniform cross section. 
Lay it horizontally upon a smooth tahle, so that its center of gravity 
shall be one decimeter from the edge 

of the table. Place a weight equal to A b ^ 

one-half that of the stick upon the ~ 
stick at the tablets edge, and push the 
weight slowly towards the free end 
till the stick just tips (rotates about Fig. 78. 

point J5, Fig. 78). Bring the weight 

back a very little, so that the stick will barely remain stationary, 
and from your knowledge of moments of forces, comparing the 
arms AB and BC^ what weight must be acting at A to balance 
the smaller weight acting at C f 

The entire weight of a body taken as a unit may be 
considered as concentrated at its center of gravity. 
This enables us to find the center of gravity by a process 
similar to that of Exp. 104, as well as by balancing. In 
homogeneous bodies of the type of a ball, or square- 
sectioned meter stick, the center of gravity lies at the 
center of volume. The center of gravity is often called 
the "center of inertia," "center of weight," and the 
"center of mass." But it is important to remember 
that the plane through the center of gravity very rarely 
divides a body into two equal masses (Exp. 103, 5). 
Why not? 

Exp. 1(^. — Balance a ring or hollow quadrilateral upon a line in 
several differcfnt positions. Where is the center of gravity located ? 
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The center of gravity of a body does not necessarily 
lie in the material of which the body is made, for ex- 
ample, that of a ring, hollow ball, bottle, etc. In cer- 
tain important senses, however, in the discussion of 
stability (see below), a body is considered to include 
all the space within its outlines, and in this sense 
the center of gravity of an ordinary bottle is in the 
body. 

The line of direction of a body is the vertical passing 
through the center of gravity. The weights of all the 
particles composing the body act downward as forces, 
sensibly parallel to this line (Fig. 77). The direction 
of the resultant of all these forces is downward along 
the line of direction, opposite the equilibrant or the 
" supporting force." 



Exp. 106. — To find the center of gravity of two bodies considered 
to be connected as one by a line without weight. — Balance the square- 
sectioned meter stick, place a kilogram weight one decimeter from 
the support, and balance by a 200 gram weight opposite the support. 
As the weight of the meter stick has nothing to do with affecting or 
disturbing the balance, we have the essential conditions, so far as 
equilibrium is concerned, of two bodies balanced upon a line without 
weight connecting their centers of gravity. 

The common center of gravity of two bodies (consid- 
ered as one) lies along the line connecting their centere 

of gravity, distant from the center 

/a»-^ — SiSfc S\ of each inversely as their masses^ 

^^ ^"^^ that is, the product of the mass of 

A (Fig, 79) into its distance from 
the common center of gravity is equal to the product of 
the mass of B into its distance from the common center 
of gravity. 
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Exp. 107. — Place a cone upon the table (the supporting sur- 
face) in the three positions shown in 
Fig. 80. Incline slightly the vertical 
line in the cone (incline the right hand 
cone towards the side) and notice 
whether the center of gravity is raised pigf. 80. 

or lowered by the movement, and if 

body tends to return to its former position, or to depart farther 
from it, or to do neither. 

(h) Suspend a body and draw it slightly aside. Will it remain 
there ? 

(c) Take a short stick AB, and inserting a ^ ^ 

one knife at A^ and two knives obliquely 






at B, balance on pivot as shown in Fig. — . „- 

81, incline slightly the stick on its point 

of support. Does the body tend to return to its former position ? 

Do you raise or lower the center of gravity of " the body " when you 

incline it ? Where is its center of gravity with respect to the point 

of support ? 

A body is in Stable Eqnilibrinm upon a supporting 
surface when to incline its upright axis the center of 
gravity must be raised, or when the line of direction 
falls within tlie base ; and a suspended body is in stable 
equilibrium when the center of gravity lies vertically 
below the point of support. 

A body is in Unstable Equilibrinm upon a supports 
ing surface when to incline its upright axis the center 
of gravity must be lowered, or when the line of direc- 
tion falls without the base ; and a suspended body (or 
body sustained upon a point) is in unstable equilibrium 
when the center of gravity does not lie at^ nor vertically 
helow^ the point of support. 

A body is in Neutral Equilibrium upon a supporting 
surface when to incline its upright axis the center of 
grravity is neither raised nor lowered, or when the line 
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of direction of the body falls upon a supporting point 

or line for several different inclinations ; and a suspended 

body is in neutral equilibrium when its center of gravity 

lies at the center of the axis of support, neither above 

nor below it (as a carefully balanced wheel supported 

by the axis). 

Exp. 108. — Place a chalk box (or other similar body) upon the 
table, on bottom, side and end successively, and overturn in each 
position. In what equilibrium is it in each position ? 

There are different degrees of stable equilibrium, that 

is, of stability. A body is more stable (1) if its center 

of gravity remaining at the same height, the base is 

larger, or (2) if, base remaining the same, its center of 

gravity is lower. If both the base is enlarged, and 

the center of gravity lowered, the " stability " is rapidly 

increased. 

Exp. 109. — Turn a short heavy brass screw into the small end of 

a cork, and float " the body " in water (Fig. 82). 

\ / Remove screw, and turning it into the* large 

\ \ I end of cork, float again. What tendency do 

4/ y^" observe as to the position of the center 

of gravity ? [See hydrometer, Exp. 71 (c).] 

Ordinary floating bodies tend to 
carry the center of gravity at the 
lowest point. 

That point that would be the center of 
gravity of the displaced water is called the 
center of buoyancy (c. b.). It is the point 
of application of the resultant of all the 
pressure force lines (Fig. 83), and this re- 
sultant acts vertically upward, while the 
resultant of the weight force lines (Fig. 77) 
acts vertically downward. 

Exp. 110. — Cut out a hemisphere of cork, weigh it, and floa.t; 
with convex side down. Upon the flat top place a heavy piece of 



Fig. 82. 




FifiT* 83. 
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lead, sinking the cork nearly but not quite to the water's edge. 
Does the loaded cork capsize easily or with difficulty ? 

(6) Place another very flat piece of cork of the same volume 
(determined by weighing cork of same quality) as before upon 
water, and load it with the same piece of lead. Does the loaded 
cork capsize easily ? 

Note. — The stability of only two types of floating bodies will be 
considered in this chapter, the ocean-vessel type and the flatboat 
(raft) type. 





Pier. 84. 



Floating bodies are in raaximum stability when the 
center of gravity is farthest below the center of buoy- 
ancy. Fig. 84 shows that in bodies of the ocean vessel 
type the two forces of weight and buoyancy form a 
couple tending to right the vessel whenever it is 
inclined from its upright position. Floating bodies of 
the flatboat type (Fig. 86), may be in very stable equi- 




Fiff. 85. 




librium, even when the center of gravity is above the 
center of buoyancy, because when the floating body is 
inclined, its shape is such that the center of buoyancy 
'*• shifts'^ towards the deeper displacement. Fig. 86 
shows that in this case the forces of weight and buoy- 
ancy still form a couple tending to right the floating 
body. 
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QUESTIONS. 

1. Define couple, stable equilibrium, center of gravity, center of 
buoyancy, line of direction, homogeneous body, uniform cross 
section. 

2. A body falls when, under the influence of its weight only, its 

center of gravity is lowered. What does 
the " witch " (Fig. 86) do when it "rises " ? 
The "loaded disk" 
(Fig. 87) 'when it 





Pig. 86. "rolls up-hill"? 

3. Which is more 
easily overturned upon the hillside, a ton of pig. 87. 

hay upon the cart, or a ton of stone upon the 
same cart ? Why ? 

4. Why not walk across the bay with cork boots sufficiently large 
to sustain you ? 

5. Two men carry a homogeneous stick of uniform cross section 

20 ft. long. A takes hold at the end, and 

A £»a — 5 B five feet from the other end (Fig. 88). 

Fig. 88. What part of the stick does each carry ? 

6. The same homogeneous stick has two 
pieces of equal cross section with the stick, 

and each five feet long, fastened to the end . 

A as shown in Fig. 89. Where is now the ^ ' ^ 

c. g. of the three combined sticks ? [Exp. Fig. 89. 

106 and Fig. 79 will help you in solving this.] 

7. I weigh the same homogeneous stick, and find its weight to be 
40 kg. I bore out a cylindrical hole at one end (parallel with stick) 
four feet deep, and fill it with lead weighing 20 kg. more than the 
" borings " removed. Where is now the c. g. of the loaded stick ? 

8. A three-legged or a four-legged stool is (other things being 
equal) more stable? (b) Why do old men carry canes? (c) Why da 
people lean to the left when they carry a heavy weight with the 
right hand ? 

9. In what equilibrium is a homogeneous ball upon a level table ^ 
Upon a smooth inclined plane? A round homogeneous stick o:f 
timber upon a level surface is in what equilibrium with reference to 
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inclinations towards either side ? With reference to an attempt to 
incline so as to stand the stick on end ? May a body possess more 
than one kind of equilibrium at the same time ? 

10. Why does a ship carry " ballast '' ? 

11. What would be the disadvantage were our feet as small as the 
dog's ? 

12. Ask one good question, of your own originating, under the 
head of this chapter. Ask one that you obtained from some other 
text book. Answer both. 

13. How would you lower the c. g. of a stool ? 

14. How would you make a row boat less likely to capsize, that 
is, make it more stable while floating ? 

15. Why must one learn to "walk" on stilts and to "ride" upon 
a "safety"? 

16. Why is it difficult to stand still upon skates ? 

17. Why does the teamster put on the brakes when going down 

hill? 



)> 
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CHAPTER X. 



THE PENDULUM. 



Exp. 111. — Suspend two balls of lead by stout fine threads 
(a and 6, Fig. 90). Vibrate through small arcs, and count " one," 

" two," etc., to twenty as the pendulums complete 
a single vibration. Vibrate one through a very 
large arc and the other through a small arc, and 
count as before. 

The arc of vibration being small, the 
vibrations of a given pendulum at a given 
place are isochronous. 



6 



a b c 
Fifif. 90. 



Exp. 112. — Suspend a piece of cork (c, Fig. 90) 
by string of equal length beside the pendulum 6. 
Swing b and c together, and count as before. 



The time of vibration of a pendulum 
is not affected by the material of which it is made. 

Exp. 113. — Shorten the string, bringing a to the position d, or 
till it vibrates twice, while b vibrates once as determined by two 
pupils counting to twenty and ten respectively. Let "ten" and 
" twenty " be spoken louder than the other numbers. Measure the 
length of each approximately to the centers of the balls. If we want 
one pendulum to vibrate twice as fast as another, how long must we 
make it ? 

The lengths of two pendulums are proportional to 
the squares of their times of vibration at a given place. 
Stating mathematically, we have, 
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1 : I' : : t' : t'" 

length lenrth aq. of wj. time 
of of the time of the 
one other ofoDe other 

Exp. 114. — With very fine thread and small lead ball find the 
length of a pendulum that will vibrate 60 times in one minute "by 
the watch,^' measuring approximately from the center of the ball. 

A seconds pendnlnm in latitude about 38° is .%9^ of 
a meter long (or about 89.1 inches). 

Exp. 115. — Suspend a piece of soft iron and swing the pendulum 
through an exceedingly short arc. Hold a bar magnet vertically 
below and near the soft iron, and swing the pendulum as before, 
counting its vibrations each time. Does it swing faster or more 
slowly ? How would it swing if we could increase the force of the 
earth's gravitation ? 

The time of vibration of a pendulum varies inversely as the 
square root of acceleration due to weight (\/g). That is, a given 
pendulum vibrates faster at the poles and more slowly as it is brought 
towards the equator. Clocks regulated for one latitude would not 
keep good time in another latitude. 



Exp. 116. — Suspend two triangular pieces "" 
of wood of precisely similar dimensions from 
opposite ends by means of screw eyes as in 
Fig. 91. Swing the two pendulums and note 
which vibrates in less time. Manifestly by 
the "length of a pendulum" is not meant 
the distance from one end to the other. 
These as sticks have the same lengths but 
as pendulums different lengths. The dot on 
each in the cut is not meant to represent the 
center of gravity of the stick, but another Pig.9i. 

point near the center of gravity. 

Exp. 117.— Suspend a square-sectioned stick (Fig. 92 a) by screw 
eyes, and adjust a ball b to vibrate in the same time. Fasten a 
short heavy iron clamp at A upon the stick, and time with the 
ball. Does the stick vibrate faster or more slowly than the ball ? 
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Fasten clamp at B and time. Does the stick vibrate faster or 

more slowly than the ball now ? Fasten the clamp the third time 

horizontally near the level of the ball's center, and 

adjust clamp till the stick and ball swing exactly 

together. 

Particles near the top of a pendulum tend 
to move faster in the arc than the pendulum 
taken as a unit. Particles near the bottom 
tend to move more slowly. Between, upon 
the vertical axis of the pendulum, there is a 
point which tends to vibrate neither faster 
nor more slowly than the pendulum taken 
as a unit. This point is called the Center of 
Oscillation. 

The length of a pendnlnm is the distance from its 
point of suspension to its center of oscillation. 



.< 
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Exp. 118. — Mark the level of the clamp at C upon the stick. 
Suspend stick by two pins (Fig. 93) on opposite sides at 
this level and swing comparing with the ball. If you have 
succeeded in locating the center of oscillation it keeps time 
with the ball. 

The point of suspension and the center of oscillation are 
interchangeable points. 



■hC 
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Exp. 119. — Remove the face from a small clock and 
study the movements of a bent piece of steel called the 
escapement acting upon and being acted upon by the "es- 
capement wheel." Consider these three things, the coiled 
spring of the clock, the escapement, and the pendulum. 
What double office does the escapement fulfill ? How does 
it " stand between " the spring and pendulum ? It enables pig. 03. 
the coiled spring to do what to the pendulum ? It enables 
the pendulum to do what to the coiled spring ? What would happen 
to the coiled spring if you should suddenly remove the escapement ? 
What would happen to the pendulum if you should remove tbe 
escapement ? 
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The pendulum furnishes an excellent illustration of the change of 
potential energy to kinetic energy and 
vice versa. At A^ Fig. ^4, the vibrat- 
ing pendulum^ s energy is all potential, at 
B all kinetic, at C all potential again. 
Between the lowest point and the ex- 
tremities of the arc on either side, the 
energy is part kinetic and part poten- 
tial. The force of weight W being re- 
solved into its two components a and 6, 
the component a is lost so far as affect- 
ing motion is concerned, being met by 
the reaction of the string, while the 
component b is effective in moving the 
pendulum. Why will not such a pendu- 
lum swing forever ? The extent of the 
excursion on either side of the vertical 
is called the amplitude of the vibra- 
tion and is measured by the angle BSC. The motion of the pendu- 
lum is classed among "harmonic" motions, because it is like in 
important respects the vibration of the prongs of the tuning-fork, 
the vibration of strings, etc., which produce musical sounds. 

[For compensation pendulum see heat. See Foucault, Galileo, 
Huyghens, etc., in cyclopaedia.] 
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QUESTIONS. 

Note. — In the problem work of this chapter the seconds pendn- 
lum may be considered to be 1 meter long instead of .993 meters. 
Having the length of your " standard " pendulum, you have two 
terms in the proportion (1 : T :: t^ : t'^) given and need to know only 
a third; viz., the length or the time of the other pendulum to find 
Its time or length respectively. 

1. Define the pendulum, seconds pendulum, length of a pendu- 
lum, center of oscillation. 

2. How long must a i)endulum be to vibrate once in 2 sec? Once 
in J of a sec? Two times in 3 sec. ? Three times in 2 sec? 

3. A pendulum 16 m. long vibrates in what time ? A pendulum 
i of a meter long ? A pendulum J J of a meter long ? 
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4. An ordinary x>endulum clock gains or loses time in winter ? 
In summer ? What should be done if this clock gains time ? If it 
loses time ? Why is the " bob " lenticular ?• 

5. A fine clock with compensation pendulum (length unaffected 
by heat), regulated so that its *' rate " is a loss of 8 sec. per year at 
latitude 38^, would have its rate affected in what way if the clock 
were placed in latitude 45° ? If placed at the equator ? 

6. Does " gravity" (weight) "tend to stop the pendulum" ? 

7. What takes the place of " the pendulum " in the watch ? 

8. What is a " jeweled " watch, or why is a watch jeweled ? [See 
friction.] 

9. How many strokes or vibrations must the pendulum make that 
the escapement wheel may turn round once ? • [A double vibration 
is called a complete vibration in distinction from a simple vibration 
which is called simply "a vibration."] 
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CHAPTER XL 

MACHINES, 

A MACHINB is a contrivance by which force can be 
applied to resistance more advantageously. The advan- 
tages to be derived from machines may be classified 
under three heads. By means of machines, we may, 

. I. Exchange velocity of force for intensity of force 
or intensity for velocity. This is called a 
mechanical advantage. 

II. Change the direction of our force ; that is, the 
force may move in one direction, and the resist- 
ance may be overcome in* the opposite, or in 
any other direction. The wheel and axle ordi- 
narily gives us this advantage in addition to 
its mechanical advantage. 

III. Use other forces than our own, as the force 
exerted by animals, wind, water, steam, etc. 

The machines studied in this chapter will be, 

I. The Lever. 
II. The Wheel and Axle. 

III. The Inclined Plane. 

IV. The Wedge. 

V. The Screw (acted upon by lever). 
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VI. The Movable Pulley. 
VII. The Hydrostatic Press. 

VIII. The Toggle-Joint. 

IX. The Hydraulic Ram. 

Exp. 120. — Balance the meter stick upon a knife edge/ (Fig. 95). 

Place supports just below at S and S\ 
Place a weight W (Resistance) of 5 

:^ ' — 5 ' — — kilograms, 1 decimeter, from the knife- 

^ f ^ blade (Fulcrum) towards S, and place 

Fifir- 05. a force F of 1 kilogram towards S' 

till there is equilibriimi between the 
force and the resistance. Eemove supports, and move the point of 
application of the force downward, and by the help of your knowl- 
edge of geometry (similar triangles) compare the distance passed 
over by the force F, and the distance through which the resistance 
W moves with the weights F and W, 

The great Law of Equilibrium for machines is : 

Force multiplied iy Force'' 8 distance (Fd^ is equal to 
Weight multiplied by Weights distance ( TFS). 

Stating by an equation, we have 

F X Fd = W X Wd 

We have only to determine some convenient ratio of 
Fd to Wd in each machine, and we have its leverage, or 
mechanical advantage. The distance through which 
the point of application of the force moves in a given 
time when the machine is in motion is force's distance 
(jPcT), and the distance through which weight moves in 
the same time is weight's distance ( Wd}. Or the " arm " 
of Force and of Weight respectively may be taken for 
Fd and Wd when these are evident. 
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There are three forms of the lever (Fig. 96), known as first class 
(/.between), second class {W, between), and 
third class {F, between). Levers may he 
straight or curved. 






-^ 



In the leyer 

Fd = perpendicular distance from 
f to the line of direction of F. 

YfA == perpendicular distance from 
f to the line of direction of W. 



W } 



w 



3 



F 
Fig. 96. 




Exp. 121. — Balance a heavy known 
weight, W, upon an axle hy a lighter force, F, upon the wheel as 

shown in Fig. 97. Move F downward equal 
to the radius of the wheel, and measure 
carefully through what distance (or space) 
the resistance W is overcome. 

In the wheel and axle 

Fd = the radius of the wheel (cir. 

or diameter) 
Wd = the radius of the axle (cir. 

or diameter) 

Flgr. 97. j^ ^.j^ ^ noticed that the wheel and 

axle is only a disguised, continuously acting lever, Ff (Fig. 97), 
heing the Force arm of the lever, and W'f being the weight arm. It 
will also be noticed that a convenient change in direction in addi- 
tion to the mechanical advantage is secured by the wheel and axle. 
If change in direction only is desired, a 
form of the wheel and axle shown in 

Fig. 98 called a Fixed Pulley is used, in _/ f ^^ """"""^--^f* 

which the radius of the wheel is equal to 

the radius of the axle, that is, the wheel 

and axle are combined into one. Here, 

of course. Force and .Weight are equal, 

and it is not necessary that the direction p^g, 98. 

of motion shall be opposite. Force may 

act in direction F'', or in any other direction, by a combination of 

fixed pulleys. 
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Exp. 122. — Weigh a smooth Inch board (4x1 dcm.) with screw- 
eye and three balls (used in Exp. 90). Arrange a smooth inclined 
plane 1 meter long by 3 decimeters high. On this plane place the 
three balls carrying the board, two at the lower end on each side, and 
one at the upper end in the middle. Attach in front by means of the 

screw-eye a delicate d3rnamometer 
(D, Fig. 99), and note its registra- 
tion when it is held parallel to the 
incline, comparing this to the weight 
of the load, and the two to the 
_. - _ height and length of the inclined 

plane. 

(6) Bore two holes through center of the inclined plane about one 
decimeter apart, and saw out a narrow piece between them. Attach 
a string through this to the screw-eye now fastened to the middle of 
the board below, and hold the dynamometer 1/ parallel* to the base 
of the plane. Compare registration, load, height and base of plane. 

In the Inclined Plane 

Fd = the length of the inclined plane 
Wd = the height of the inclined plane 

when F acts parallel to the incline, and 
Fd = the length of the base, 
Wd = the height of the inclined plane, 

when F acts parallel to the base. 

Exp. 123 — Cut out a wedge (Fig. 100), and rule a line from the 
center of the back to the apex. How many inclined planes have 

you in the wedge, and how are they placed ? 
Does the force of the percussion act parallel 
to "the base," or to "the incline" ? Have 
you ever seen a simple inclined plane pushed 
Fig. 100. along instead of driven ? Where ? 

Note. — No problems will be given under 
the wedge, as friction and kinetic energy would enter into them so 
largely; and no problems will be given in which the force acts at an 
angle with the incline other than parallel to the base. 
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Exp, 124. — Turn a screw by means of a lever Ff (Fig. 101), 
precisely once around its axis, measur- 
ing carefully the distance which A de- 
scends or rises. Compare this distance 
with the distance between the threads 
of the screw measured parallel to its 
axis. More accurate results will be 
obtained if the lever is turned com- 
pletely round, say, ten times, and the 
distance between ten threads measured. 
Is there any similarity between a screw 
and an inclined plane ? Explain. 




Figr. 101. 



In the screw acted upon by a lever: 

Fd = the circumference described by the lever. The 
"length of the lever" is the perpendicular distance 
from the line of direction of the force to the vertical 
axis of the screw. 

Wd = the distance between the threads of the screw, 
measured parallel to the axis. 

Exp. 125. — Arrange three sets of pulleys with continuous cord 

as shown by A, B, and C, Fig. 102. E repre- 
sents one end of the cord showing attach- 
ment to the casing of the pulley and F the ' 
force end of the cord. Balance two weights 
F and W (counting weight of movable block 
as part of >V), the heavier the better, so that 
the friction shall tell similarly against each. 
In each case move down F till W rises one 
decimeter. Compare the distance F moves 
with the number of cords which sustain the 
movable block. Compare also quotient of 
W-7- F with number of these cords. 
The pulley with its casing is called the Block. The block which 
moves is called the Movable Block, and the other which does not 
move the Fixed Block. The pulleys are also called respectively fixed 
pulleys and movable pulleys. Be careful to attach the weight to the 
casing of the movable block and attach E with care. The cords sus- 




Pig. 102. 
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taining the movable block are called " sogtalnlB; Gorda." Wbcn 
will these be odd and when eteii t Rarely the force cord pulls in 
the same direction in which IC moves (in which resistance Is over- 
come) ; in this case the force cord becomes a sustaining cord. 

In tlie HoTable Pulley : 
Wd = l. 

Fd = tlie number of sustaining cords (numerically). 

Part of the sustaining cords in some combinations of pulleys 
are double-sustaining, quadruple-sustaining, etc. 
Such a combination is shown in Fig. 103, in 
which the cord is not continuous. The weight 
is held tip by two 8-foid sustaining cords, that 
is, ir = 16, when Ji'= 1. Such a combination 
is useful in raising large weights through smail 
distances. 

Exp. 128. — Fit a piston to the tube 6 in the 
apparatus shown in Fig. 48. Upon the out- 
side of the dish a place a transparent millimeter 
' scale. Fill the tube beneath piston by inclining 

apparatus and after erecting, mark the height of water in dish with 
the utmost care, reading with tbe eye on a level with the two sur- 
faces. Press the piston nearly to the bottom of the tube. Measure 
'in mtllimeKrs the distance that the piston descends and the distance 
that the water rises in dish. Compute (Appendix, Section II.) 
sectional area of tube and of dish, and compare with these distances. 
If the dish (cylinder) carried a piston and a platform H" (Fig. 104), 
the apparatus would be an Hydrostatic Press. 

In the Hydrostatic Pres* : 

Wd= (diameter of piston)* (or area). 

Fd = (diameter of cylinder)^ (or area). 

An Hydrostatic Press usuallyincludes the press proper and a pomp 
with leverage as shown conveationatly in Fig. 1&4. This raahaa of It 
a compound machine, and gives rise to two questions when F And 
other data are given. IT for the lever must be first found, aad this 
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becomes the force F proper to apply to the press, and from this as 
the toree the total pressure W ui>on the platform is found. The 
principle upon which the 
Hydrostatic Press acta is 
very analogous to that of 
the Movable Pulley. By 
meana of the ptUley we 
multiply "pulling" lines 
of force through the mul- 
tiplication of sustaining 
cords. Our multiplication p^ lO^ 

is practically limited by 

friction, etc. In the press through the principle of the transmission 
of pressure by liquids, we multiply "pushing" lines of force, and 
the press is nearly frictionless for any amount of mechanical 
advantage. CC are connecting chambers supplying liquid, and V 
and V' are the valves of the force pump. What is V" used for ? 
V" ? The arrows represent quite imperfectly the pressure in all 
directions, the effective pressure being upward against the bottom 
ot the cylinder carrying platform W. A small or portable Hydro- 
static Press is called an hydraulic Jack. 

Exp. 127. — Fasten two strips of board (Fig. 105), about 4 deci- 
meters by 4 centimeters, endwise by a slightly worn and oiled hinge. 
Drive a nail into the table, and lay 
one end (hinge downward) against 
the nail. Find with dynamometer 
^ how much force is required to move 

Fig. I05. * brick or other heavy body upon 

the table. Lift the hinge h about 
-s and place the brick If against the other end. Apply a 
weight (force) at F to move IT, and compare this force with that 
registered on the dynamometer. 

The Toggle-Joint is used where great force is required to be 
exerted through short distances. Its/orm is for convenience some- 
times employed, where the principle is not required as In the buggy 
lop. Fd and Wd varying constantly with the angle of the joint, no 
problerns upon the toggle-joint will be given. This machine is often 
called simply a Toggle or a Knee. 
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£xp. 128. — Arrange a supply tube 8 from a dish of water and a 

lamp chimney O as an air cham- 
ber. With wax and pieces of glass 
arrange box and valve V, making 
V just heavy enough barely 
to sink in water to the sup- 
ports below. The proper weight 
may be obtained by loading it 
slightly on top. Let tube a rise 
a little higher than the surface of 
the supplying reservoir. 
The Hydraulic Ram is a convenient machine for raising water 
above its source by utilizing the kinetic energy of the flow. This is 
done by the sudden checking of the flow (after it has attained its 
maximum velocity) by a valve V driven upward by the current. 
Another valve V is forced open so that water enters an air- 
chamber connecting with the tank or reservoir above. Of course 
only part of the water flowing in th3 supply pipe 8 can be raised, so 
that even by machinery we do not make water of itself rise above 
its source or do other than ^' seek its level.'' 



Exp. 129. — Polish two adjacent sides of a brick and place it on 
an inclined plane, var3ring the incline so that the brick will just slide 
on each side respectively. Do the angles vary materially ? (6) Place 
another brick on top of the first and find angle of sliding. Is it 
greater or less? (c) Place some smooth substance between the 
brick and the plane and find angle, (d) Find angle when brick is 
laid on quickly and released, and angle after brick is held still upon 
plane for some time. Which is larger ? (e) Place on plane a piece 
of round molding with its longitudinal axis parallel to the incline, 
and then turn axis to horizontal position. Molding slides or rolls at 
the less angle ? 



Friction is the resistance offered to motion by two 
surfaces in contact. This is due to the roughnesses 
upon them,. polished surfaces even not being perfectly 
smooth. Friction (1) within moderate limits is not 
affected by extent of surface, (2) is approximately pro- 
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portional to pressure, (3) varies with the nature of the 
surfaces, in general being greater between like surfaces 
and less between unlike, (4) increases (to the maxi- 
mum) with the time the surfaces have been in contact, 
and (5) is greater when the surfaces dide than when 
they roll, that is, "rolling friction" is less than "slid- 
ing friction." 

By the eflBciency of a machine is meant the amount 
of useful work obtained from it compared with the 
amount expended upon it. If we do 100 kilogram- 
meters of work upon a machine, and 12 per cent of it 
is lost in useless friction (which is by far the greatest 
loss in ordinary machines, but see steam-engine), the 
efficiency of the machine is 88 per cent. Is friction 
ever useful ? 

Note. — See capstan, overshot wheel, breast wheel, undershot 
wheel, turbine wheel (what is the usual position of its axis ?), Pelton 
wheel (undershot, made to stand water flowing under tremendous 
head), gearing, machinery, etc., in cyclopaedia and works of reference. 



QUESTIONS. 

Note. — Take no account of friction in solving problems, but 
work by the " Law of Equilibrium." 

1. A lever is 8 m. long and /is 2 m. from the weight end. F = 
10 kg. What is W? 

2. Radius of wheel, 10 dcm., of axle, 4 dcm., F = 25. W ? 

3. A boy can lift 80 lbs.; can he alone put a barrel weighing 
200 lbs. into a cart 4 ft. high ? How ? 

4. Lever acting on screw = 6 ft., distance between threads of 
screw (parallel to axis), i in., F = 60 lbs. W ? 
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5. In the "endless screw" with connecting wheel and axle 
(Fig. 107), what is Wd if Fd is the circumference described by the 

crank AB f 

6. AB = 2.5 dem., cogs = 60, circumference 
of axle C = 10 cm., i^' = 20 kg. W ? 

7. Mention ten instances in which friction 
is very useful or even indispensable. 

8. In the 4th question, practically would 
your pressure (W ) be greater or less than what 
you obtain theoretically ? 

9. Does a machine do work ? 

10. Why do the men working *' jack screws" to raise buildings, 
pull upon the lever by a series of jerks, instead of with constant 
pressure ? 

11. Describe practical examples of levers of 1st, 2d, and 3d class 
that you have seen. 

12. Arrange a set of pulleys (section) so that F = 5 lb., W = 
25 lb., (6) F = 7, W = 42. 

13. Why do you pound against a drawer that " sticks " ? 

14. A boy lowers a heavy weight by means of a rope passing over 
a beam. Does the friction *' favor " the boy ? How is it if he raises 
the weight ? 
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CHAPTER XII. 

HEAT. 

KoTE. — Heat is a name applied both to a cause (molecular 
motion) and to an effect (sensation). The physicist uses the term 
usually in the former sense. According to the Kinetic Theory the 
molecules of all matter are in irregular motion (like a swarm of flies). 
When this motion is increased in a body it is warmed ; when this 
motion is decreased in a body it is cooled. Heat is therefore a 
form of energy. As we know from countless observations that this 
energy in a body is constantly being expended, energy in the form of 
heat is kinetic energy. 

SOURCES OF HEAT. 

Exp. 130. — With a small hammer strike obliquely the surface of 
a rock (flint, iron pyrites, etc.) while curtains of room are drawn. 
You " strike fire." What is the cause of ihe heat ? (6) Pound a 
piece of coarse copper wire, or a nail, upon an anvil. Is the nail 
warmed ? Why ? (c) Place a gimlet bit in the bit stock, and bore 
rapidly into hard wood. Why is the bit hot ? These results illus- 
trate the transformation of mechanical energy into heat energy. 

Exp. 131. — Take the temperature of the water which half fills a 
large test tube. Pulverize a teaspoonful of quicklime, and pour into 
the water. Reinsert the thermometer. Does the mercury rise 
slightly or fall ? Part of the quicklime has imited chemically with 
the water, producing heat. What do you do when you " build a 
fire " ? You furnish conditions for what ? 

Exp. 132. — Pass a current of electricity through a very fine, short 
piece of platinum wire ; or fasten a file to the positive pole of the 
source of the current, and rub it with the negative pole. [It isn't 
necessary that a battery in which there is chemical action shall be 
the som-ce of a current of electricity.] 
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The sources of heat with reference to methods of 
production may be enumerated as 

1. FrictJoiu 

2. Chemical Aetion. 

3. Eleetrieity. 

Note. — The sun and the heat from the earth* s interior are the 
chief natural sources of heat for our earth ; but astronomers believe 
that friction produced by contraction under the influence of its own 
gravitation is the chief source of the sun^s heat. There is also enor- 
mous chemical and electrical action in the sun. The same is true of 
the interior of our earth. "Percussion" and "mechanical motion 
checked " have been given as methods of producing heat, but both 
these give us internal friction (if not ordinary surface friction) in a 
high degree. Ordinary combustion (rapid imion with the oxygen 
of the air) is the chief source of artificial heat. Of course in a wide 
sense chemical and electrical action may be considered as giving 
atomic and molecular friction, and thus heat. 

DISTRIBUTION OP HEAT. 
Exp. 133. — Hold the hand beside a flame. 

Heat energy comes to the hand by Radiation. The 

heat comes to us from the sun in the same way. There 
is a " highly attenuated " substance, without appreciable 
weight, filling all otherwise unoccupied space, even 
penetrating the smallest intermolecular spaces. The 
heat of the sun sets this ether into rapid vibrations, and 
these vibrations impinging (striking) upon the earth 
warm it. The heat energy at the sun is transformed 
so that on the way here it is radiant energy, not heat, 
and this absorbed radiant energy is transformed in the 
process of absorption into heat, or heat energy again. 

Exp. 134. — Cut a piece of copper wire about six centimeters 
long, and a small, thin walled glass tube of the same length. Hold 
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one in each hand, and immerse horizontally to equal depth in flame 
(of Bunsen^s burner). Drop one, only when too hot to hold. Which 
do you drop ? Why this instead of the other ? 

The distribution or passage of heat from molecules to 
other molecules that are adjacent is called Conduction. 
Metals are good conductors and glass is a poor conductor 
of heat energy. Do you know of any other poor con- 
ductors? If air were a good conductor what would 
happen to the end of the thin walled glass tube which 
you held horizontally ? 

Exp. 135. — Fill a narrow test tube full of cold water, and holding 
by the bottom, heat the top in Bunsen^s flame; when the top is boil- 
ing hot what is the condition of the bottom ? 

Water is a poor conductor of heat and so are liquids 
in general, and gases. Do you know of any liquid that 
is a good conductor ? 

Exp. 136. — Heat a test tube full of water into which walnut 
saw-dust has been put, holding tube obliquely 
over flame F, Fig. 108. Observe motion of saw- / 

dust. Z..../ 

(6) Cut a disk about 8 centimeters in diame- / / 

ter from light cardboard. Make of it a " wind / // 

mill " by cutting with scissors from circumfer- / )hr 

ence nearly to the center, and turning up edges A / 
to a little less than 45°. Stick pin upward T( / 
through center and hold above flame. p 

Masses of liquids (except metals, ^^^' ^^^' 

which are good conductors) and gases, must be heated 
by convection, that is, by circulation. 

Heat expands fluids (see Exp. 146) and the colder and there- 
fore heavier (per cubic centimeter) fluid upon the side falls and 
pushes the lighter, warm fluid, water or air upward. The cold fluid 
does not flow in " to take the place of'' the warm fluid, but the warm 
fluid is pushed out and gines place to the heavier cold fluid. 
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Exp. 137. — Place a short bit of candle on rubber cork in water 
as shown in Fig. 109. Light candle and place over it 
I the tube a. The flame goes out. Remove tube and 

light candle again. First placing tube b in position, 
\ / again cover with both tubes as shown, keeping small 

tube steadily over the flame. Hold lighted touch-paper 
(porous paper soaked in solution of potassium nitrate 
and dried) alternately in position of arrows. Smoke 
shows currents. 

(6) Run two tubes through a cork which fits the 
top of a. Place cork in top of the tube a, letting the 
two small tubes run down beside the lighted candle. 
Result ? 

Yentilation is the process of changing the air in any 
comparatively closed portion of space. Two openings 
are necessary for good ventilation, but, when heat is 
the energy employed, these two openings must be 
properly situated so as not to be practically one open- 
ing. Forcing the air into the space by pumps or fans 
is often resorted to for the purpose of securing good 
ventilation. 

INTENSITY. 

Note. — A body is more intensely heated than its surroundings, 
if it gives out more heat than it receives. 

Exp. 138. — With double pointed tacks fasten a brass rod A B 
(Fig. 110), to a block of wood, and support 
horizontally. Erect from the end B a light 
indicator fastened by pin to upright support 
and with scale as shown. Apply small flame 
at H heating rod as long as it will make the 
rod any hotter. 

(b) Use an iron rod of the same dimen- 
sions, allowing source of heat to remain as before. 

Exp. 139. — Fill flask shown in Fig. 9 completely full of cold 
water, and let water rise up half the length of the tube. This 
should be very fine tube and height of water should be carefully 
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marked. Plunge bulb of flask into hot water. What .first happens 
to surface in tube ? Why ? What next happens ? Why ? 

Exp. 140. — Arrange a flask as shown in Fig. 111. Place hand 
on bulb, what happens in beaker below ? Why ? Use the heat of 
both hands for awhile and then remove them. What 
happens as the bulb cools ? This apparatus is called an 
" air thermometer, '''* 




In general Heat expands solids, liquids, and 
gases. By this effect the intensity of heat is 
measured. Temperature refers to the inten- Ha 
sity of heat. If the intensity is great, we 
speak of the body as being at a high tempera- 
ture. Instruments for measuring temperatures 
are called thermometers if the temperatures llO 
are moderate, and pyrometers (usually platinum ^* ^ ^' 
rods) if temperatures are high. Thermometers con- 
taining alcohol as the expanding liquid, are used to 
indicate very low temperatures, as those of the polar 
regions. Why? [See Section IV., Appendix.] 

Exp. 141. — Examine carefully a chemical thermometer with centi- 
grade graduations on one side and Fahrenheit on the other. Imagine 
that you have two thermometers precisely similar in 
every respect except in graduation and standing side 
^'2* by side as shown in Fig. 112. 

The lower horizontal line represents the freezing 
points, and the upper the boiling points of the ther- 
mometers. Consider these in transferring the registra- 
tion, as precisely like two ladders, ten of the spaces 
between the " rounds " of C being equal to eighteen of 
the spaces between the rounds of F, Work with r^er- 
ence to the freezing point, but record with rrference to 
zero as in the following examples: 



lod 



3r 
to 
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1. 15° C = what registration F ? 

2. 14° F = what registration C ? 
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SOLUTION 1. 

15 spaces above freezing point C = 27 spaces above freezing point 
F (that is, 10 C = 18 F, then 15 = 1^ times 18 F), but 27 spaces 
above freezing point must be recorded with reference to zero. 

32° 4- 27° = 59° F. Ans. 

SOLUTION 2. 

14° F means 18° below freezing point; but 18 spaces F = 10 
spaces, C, therefore the mercury stands at 10° below freezing point C, 
but this must be recorded with reference to zero. 

- lOP C. Ans. 

A maximum (self-registering) thermometer may be made by putting 
a short piece of steel wire above the mercury and inclining ther- 
mometer, so that when the mercury falls the adhesion between the 
steel and the glass will hold the wire at the highest point reached. 
A minimum thermometer is made by placing a short piece of glass 
rod in similarly inclined thermometer, containing alcohol instead of 
mercury. The glass rod below surface is drawn backward by the 
alcohol not breaking the surface film, and on reaching the lowest 
point remains there while the alcohol in rising flows above it. 

The Coefficient of Linear Expansion of a body is the fraction of 
its length which a body expands when its temperature is raised from 
0° to 1°. As you will see from Section VIII., Appendix, the exx)an- 
sion of brass is to that of iron approximately as 9 : 6. Advantage of 
this unequal expansion of the two substances is taken in making the 
Compensation Pendnlnm* In this, by proper adjustment, the 
upward expansion of brass rods lifts the bob and balances the down- 
ward expansion of longer iron rods. The center of oscillation is 
thus kept at the same distance below the point of suspension, regard- 
less of the temperature. Mercurial compensation pendulums are 
also used. 

The Coefficient of Cubical Expansion is the fraction of its vol- 
ume which a body expands from 0° to 1°. For gases this coeflScient 

is ^^, that is, 273 liters of a gas at 0° if heated 1° expand to 274 

liters, and if cooled 1° contract to 272 liters. By the use of Mari- 
otte's Law and this coefficient we are able to correct for varying 
temperature and barometric pressure, when we wish to make very 
accurate experiments with gases. 
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Exp. 142. — Fill three basins with ice water, blood warm water, 
and hot water respectively. Place one hand in the first and the 
other hand in the last, and, after a little time, remove and place both 
hands in the other dish. 

It is. a well-known fact that we can not rely upon the 
sensation of heat in estimating with accuracy intensity 
of heat. If our bodies could be kept perfectly normal, 
sensation would be an approximately good standard. 

[For intensity affected by distance from source, see 

light.] 

QUANTITY. 

Note. — A cupf ull of boiling hot water does not contain so much 
heat as a barrelfull of blood warm water. This may easily be 
proved by applying heat to these two quantities respectively of ice- 
cold water. 

A Thermal Unit ^ is the amount of heat necessary 
to raise one kilogram of water 1°. This is approxi- 
mately the same anywhere upon the scale from 0° to 
100°. A thermal unit is often called a Calorie. 

Exp. 143. — In a large glass dish wrapped with flannel (" jacket ") 
just removed from a warm wooden box whose inside temperature is 
about 35°, mix as quickly as possible 1 kilogram of water at 15° and 
.6 kilograms at 60°. Stir promptly with thermometer through hole in 
center of non-conducting cover, and observe temperature. How 
near the theoretical result do you come ? [Hot water may be simply 
poured into the cooler without the use of the extra dish.] 

Example. 

1 kg. water at 15° = 15 Thermal Units | ^wlS?waf a/oo? } 
.5 kg. water at 60° = S0 Thermal Units 
1.5 kg. )J5 T. U. 

30° Ans. 

1 Used in this book 
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Problem. — If I mix 10 kilograms water at 6(P, 80 kilograms at 
40^, and 120 kilograms at 80^, and lone no heat by radiation^ eic, 
what will be the temperature of the mixture ? 

LATENT HEAT. 



Exp. 144. — Take small pieces of ice and an amount of water as 

nearly of the same weight as you can. 
Place the ice in one dish and the 
water in a similar dish (Fig. 113). 
Apply heat by two flames H and if' 
of equal heating power if possible. 
Stir with glass rod the ice. When 
the ice is almost but not quite melted 
take the temperature of each. — If we 
could avoid unequal losses by radia- 
tion and in other ways perfect the 
experiment, using dry ice at 0° and 
water at 0°, what is represented in 
Fig. 113 would occur. While the ice 
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Figr. 113. 

was melting the water would rise to 80°. After this each would 
rise equally. 

The Latent Heat of water is 80.^ By this we mean 
that it takes 80 times as much heat to melt a given 
quantity of ice as it does to raise the same weight of 
water 1°. It takes 80 thermal units to melt 1 kilogram 
of ice. We may repeat again by saying that it takes 
as much heat to melt 1 kilogram of ice as it does to 
raise 1 kilogram of water 80°. 

Ice in melting absorbs heat. We put heat into ice at 0°, but 
instead of raising its temperature the heat does mechanical work 
upon the ice analogous to pulverizing, that is, it liquifies the ice. 
To melt ice work must be done against the force of cohesion. Thus 
energy is stored up in the melted ice as it is stored up in the lifted 
weight upon which mechanical work has been done (Exp. 83, c). 
Latent heat is not then really heat, but stored up energy. Melting 
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is a "cooling process." Eighty thermal units from some source 
more intensely hot than the melting ice must come to the ice in 
excess of that given out by the ice whenever 1 kilogram of ice ^ is 
melted. Freezing is a " warming process." In freezing 1 kilogram 
of ice water must give out 80 thermal units to objects less intensely 
hot than ice in excess of that which it receives. Vegetables do not 
freeze at 0°, but at, say, 2° below 0°. Even ice water in a cellar 
will often prevent vegetables from freezing, because every kilogram 
of ice water in freezing must give out to objects colder 'than it 80 
units of heat. This prevents vegetables from falling to their freez- 
ing point. 

Example. — If I mix 40 kilograms of water at 90°, 60 kilograms 
at 80°, and 10 kilograms of ice, if no heat is lost what will be the 
temperature of the mixture ? 

40 kg. at 90° = 3600 T. U. 
60 kg. at 80° = 4800 T. U. 

10 kg- ice =^_800 T. U. ) ^^^1^7' ( 
110 kg. ) 7600 

69^ -I- Anfi. 

Exp. 145. — Find the Melting Point (i.e.. Freezing or Solidifying 
Point) of tallow by partly melting a quantity, and, removing source 
of heat, stirring a short time with thermometer, being sure that 
none solidifies upon the bulb till after you have taken the temperature. 

Different solids melt at different temperatures. With 
constant pressure the Melting Point for any substance 
is constant, and is the same as the Freezing or the 
Solidifying Point. The latent heat of fusion is differ- 
ent for different substances. Some substances decom- 
pose into other chemical compounds instead of melting, 
when heat is applied. [App., Sect. IV. and VII.] 

Exp. 146. — Mix pulverized salt and ice in alternate layers in a 
thick glass dish standing upon a wet piece of board. Place in the 
mixture a thermometer and a small covered beaker with a little 
water in it. Be careful that no salt gets into the beaker. The tem- 

1 Presumed to be at 0° unless otherwise mentioned. 
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perature observed should be at least below — 10°. Observe also 
water in beaker and the outside of the glass dish. In about ten 
minutes lift the dish with attached board. 

The Freezing Point (and therefore the Melting Point when both 
salt and ice are melted together) of a saturated solution of common 
salt is far below 0^. In freezing the salt separates and the ice is 
nearly free from it. In order that salt and ice may melt together, 
they must absorb (make latent) a large quantity of heat from 
objects near by, and therefore these objects are reduced to a tem- 
perature below 0°. Substances whose Freezing Points are about CP 
are easily frozen by such a Freezing Mixture* 

There are many exceptions to the general law that " heat expands 
and cold contracts." Liquids that crystallize in solidifying, expand 
as they assume the solid state. Water expands in cooling from about 
4° to 0°, and then there is a sudden and great expansion. When ice 
melts it contracts. The melting point of substances which contract 
in melting is lowered by pressure. [See Latent Heat of Steam, 
Exp. 152.] 



SPECIFIC HEAT. 

Exp. 147. — Take two large thin test tubes, and put into one 
a little mercury and into the other an equal weight of water 

(13.5 + volumes). Expose each equally for a 
3(f| little time in a small flame and rapidly take 
temperature of each, taking that of mercury 
first. Could we surround equal weights of 
water and mercury with perfect conditions on 
applying equal heat at H and H\ we should 
observe what is represented in Fig. 114. The 
mercury would rise 30° while the water was 
mQT I rising 1°. (See Appendix, Section V.) 




Fifir. 114. 
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The Specific Heat of mercury is 
By this we mean that it takes 
only -^Q as much heat to raise a given 
weight of mercury 1° as it does to raise the same 
weight of water 1°. It takes only -^^ of a thennal 
unit to raise 1 kilogram of mercury 1°. Again ^we 
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may say that 1 thermal unit will raise 1 kilogram of 
mercury 30°. [Specific heat increases very slightly 
with temperature, but this book will treat it as con- 
stant.] 

The specific heat of ice is almost exactly .5. If we 
should expose 1 kilogram of ice in the polar regions to 
an atmosphere of — 40°, of course the ice would soon 
acquire this temperature. It would then require 20 
thermal units to raise the temperature of this ice to 
0° again. Why ? 

Example. — If I mix 80 kilogram of water at 40°, 4 kilograms 
at 90°, 100 at 80°, and 20 kilograms of ice at — 30°, what would be 
the temperature of the mixture, not allowing for losses of heat ? 



80 kg. 

4 kg. 

100 kg. 

20 kg. 


at 
at 
at 

ice at - 


40P- 
90°- 
80°- 

-30^- 


3200 T. U. 

360 T. U. 

8000 T. U. 

\ — 300 raising to 0° 
^ — 1600 lost in melting 


204 kg. 


) 9660 T.U. 
47° + Ans. 



The great latent heat and specific heat of water moderates the 
"extremes of climate." If the latent heat of water could be 
changed to 1, the extent of the disaster could be scarcely imagined. 
River valleys would be uninhabitable because of floods, and the 
rapid freezing and thawing would make spring in the temperate 
zones unendurable. If the specific heat of water were changed 
to ^ like that of mercury, water would have far less efifect in 
moderating temperature. Heat used in raising temperature is called 
Sensible Heat, in distinction from that used in overcoming cohesion. 
The latter becomes latent or changed to potential molecular energy. 
The varying specific heats of the metals (Appendix, Section V.). 
make unreliable the conclusions of amateurs upon the relative 
conducting powers. 
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ABSORPTION AND RBFItBCTION. 
(Op Radiaht Ehbkgv ab 



Exp. 14S. — Take a. bright sheet 
reflect the radiant energy as jou wou 
object (hand or thermometer) upon, 
direct radiation by any conveirient sci 

(&) Blacken in the flame of a ca; 
bright another. Put a thermometer 
and set near any radiating surface, ■ 
the Bim. In which thermometer does 

Polished bnui8 is one of the 

black is one of the best absorb 
absorbed as heat. Good abso 
and of eourae, bad reflectors, 
radiators, and of course, poor 
can not be both a good absorb* 
the same time. Any oi'dinary 
ing heat within itself as fla 
ing nor falling in t«mperatur 
radiating the same amount of 
ent radiation of cold, when fo: 
near the bulb of a thermomi 
fact. When the ice is near, f 
ing more heat than it is ret 
alsence of heat in a greater oi 
the "intensity of the cold." 
mission of radiant energy see . 

VAPORIZATION AND i 

Note. — If vaporization takes plai 
evaporation, if rapidly and noisily, tt 
face of the liquid it is called ebuUUio 
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than that computed for the 
le? 



^ 537 (about). This 
3at to vaporize a given 
^s to raise 537 times as 
it takes 537 thermal 
of boiling water. It 
at 100° in condensing 
thermal units. 



of ice at — 40°, 20 kilograms 
20°, 10 kilograms at 0, and 
v'ill be the temperature of the 
•eived from without ? 

Thermal Units. 

iOO raising to 0° ) 
^00 lost in melting ) 
tJOO 
)00 


•n i 10 kg. in condensing ) 
IKX) f boiling hot water \ 

970 T. U. 
29° + Arts, 



128 ELEMENTS OF PHYSICS. 

Exp. 151. — Franklin's Experiment. In a well annealed, round 

bottomed flask place a little water. Boil, raise from sand bath, 

quickly and fiimly stop with rubber cork, and invert in ring of retort 

stand. Pour on bulb a little cold water. Wipe dry and pour on 

again. The bulb V contains hot vapor of water, which is 

condensed by the cold water, relieving the liquid surface 

[ \/\ of pressure; and the water will continue to boil thus till 

I- — J the temperature is very much below the ordinary boiling 

N I point. 

Pifirii5. Water boils at a lower temperature upon 
mountain-peaks than in the valleys beneath, 
because the atmospheric pressure is less there. Vege- 
tables must be cooked much longer at high altitudes. 
An ascent of about 290 meters lowers the boiling-point 
1°. At Quito water boils at about 90°. Below the sea- 
level, as in the Dead Sea Valley, boiling water has a 
higher temperature than 100°. If water is inclosed, as 
in the boilers of steam engines, it may be heated far 
above 100°. If a boiler containing such highly heated 
water and steam explodes, much, if not all, of the 
water immediately turns into steam. 



If, while water is boiling in them, two Franklin flasks be suddenly 
connected by bent glass tube just reaching through perforated corks 
the apparatus inverted becomes a ^^ pulse glassJ'^ The heat of the 
hand will expand the vapor, and drive the liquid into the opposite 
bulb. If a pulse glass contains as the liquid colored ether or alco- 
hol, and the connecting tube be long enough to hold more than all 
the liquid, vapor only remaining in the bulbs, the apparatus becomes 
a Diflferential Thermometer. If the liquid stands higher in the 
right-hand arm of a differential thermometer, which bulb is in 
the warmer place ? 

Exp. 152. — Arrange apparatus as in Fig. 116, except* do not con- 
nect chamber B with beaker C till water has been gently boiling in 
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flask for some minutes. Let beaker be previously weighed, and 

also water and beaker. Pass steam through 

water in O (which should be well "jacketed" 

and covered, and the temperature taken just 

before passing in steam) till temperature is 

about 80°. Remove B and weigh C, finding 

how much water condensed from steam has 

entered the beaker. Water condensed from 

steam has a temperature of 100°. Solve your 

problem and find out if this much water at 100° 

will raise to 80° the amount at first in beaker. 

Previously you got a lower temperature than that computed for the 

mixture, why do you now get a higher one ? 



Fig. 116. 



The latent heat of steam is 537 (about). This 
means that it takes as much heat to vaporize a given 
weight of water at 100^ as it does to raise 537 times as 
much water 1° It means that it takes 537 thermal 
units to vaporize 1 kilogram of boiling water. It 
means that 1 kilogram of steam at 100° in condensing 
into water at 100° gives out 537 thermal units. 



Example. — If I mix 10 kilograms of ice at — 40°, 20 kilograms 
of water at 30°, 500 kilograms water at 20°, 10 kilograms at 0, and 
10 kilograms of steam at 100°. What will be the temperature of the 
mixture, if no heat is lost, and none received from without ? 

Weight. Temperature. Thermal Units. 

— 200 raising to 0° ) 
800 lost in melting ) 
600 

10000 



10 kg. ice at 

20 kg. water at 

500 kg. water at 

10 kg. water at 



Temperature. 



W 



30° = 

20° = 

0° = 



10 kg. steam at 100° = 




5370 
1000 



10 kg. in condensing 
boiling hot water 



550 kg. 



) 15070 T. U. 
29° + Ans. 
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£xp. 153. — From a flask containing salt water, and having an 

extra safety tube running through 
doubly perforated cork (like tube in 
Fig* ^)} P&ss steam through the tube 
ab of apparatus (lamp chimney and 
tubes) shown in Fig. 117. Let water 
run from source (faucet) S as shown. 
It enters cold at E and emerges 
Pljr 117 warm (why ?) at O. Use only heat 

enough to boil water gently in flask. 
Taste water that drips into beaker from b. 

The apparatus shown is called a Condenser, and the process of 
thus separating a liquid from impurities is called Distillation. The 
flask is called a retort or still. The process of separating more 
or less completely liquids having different boiling points is called 
Fractional Distillation. 

Exp. 154. — Heat a little water in the bottom of a deep beaker 
till it is quite warm. Lower into the beaker nearly to the water a 
cold^ dry test tube. Moisture is deposited upon it. 

Given equal volumes, a cold space can not hold as 
much vapor as a warm space. By the dew point we. 
mean that temperature below which in cooling water- 
vapor can not be lowered without being deposited as 
dew. The deposit will begin in each case when the 
water-vapor exerts the maximum pressure which it can 
exert at that temperature. Though the air has nothing 
whatever to do in determining this temperature, the 
meteorologist says that when sufficiently cooled, the air 
deposits dew. 

If we heat a cellar containing very damp air, the air seems to 
become more dry. It becomes capable of taking up more moisture, 
and therefore has the same drying effect upon damp substances, 
including the human skin, as though it had really become dryer and 
had remained at the old temperature. 

That special science which treats of atmospheric phenomena, 
especially those resulting from heat and moisture, is called meteor- 
ology* When cold air comes in contact with warm moist air. 
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rapid condensation produces rain. Hail is frozen rain. Frost is 
frozen dew. If the condensation takes place slowly mists and fogs 
result. Clouds are only fogs at higher altitudes. If they form and 
fall in an atmosphere at or below the freezing point snow is the 
result. If snow forms quietly in higher regions and falls in an 
atmosphere below 0° the temperature of that atmosphere will be 
rapidly raised to 0° by the ^^ latent heat'* given out in freezing. 
Hence the expression " It's too cold to snow." In the same way con- 
densation into rain is often attended by a rapid rise in the tempera- 
ture of the atmosphere due to the latent heat of the vapor given out 
in condensation. "Warm rains" are common. Why, then, does 
rainfall frequently cool the air of hot countries ? 

Exp. 155. — To find the ^ew point of the atmosphere in the room. 
— Into a bright tin dish put cold water and pieces of ice, stirring 
with thermometer. Be careful not to breathe upon the outside of 
dish. Take temperature when dew is first deposited. If moisture 
(dew) is not deposited readily add a little salt with the ice. Wiping 
dish a bit with the finger will make deposit more evident. 

Exp. 156. — Dip one hand in water and pass both hands back and 
forth rapidly through the air. Which hand feels cooler ? (b) Dip 
the bulb of the thermometer into ether at the temperature of the 
room. Remove bulb and quickly blow it with small bellows. Observe 
change of temperature, (c) Set water at the temperature of the 
room aside in two vessels, a tin dish and a porous cup, and in a half 
hour take the temperature of each. 

Substances in vaporizing absorb heat, or, in unscien- 
tific language, " ^vopc^rafion <?ooZs." Vaporization takes 
place more rapidly in the open air, if 

(1) The heat applied is greater. 

(2) The surface exposed is greater. 

(3) The temperature of the air is farther above 

its dew point. 

(4) The air is in motion. 

(5) The atmospheric pressure is less (barome- 

ter low). [Why?] 
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Exp. 157. — Arrange two thermometers (of like registration, or 
whose difference in registration you have observed) as shown in 

Fig. 118. A hollow wet wick passes from one 
into a dish of water. Why does the wet bulb 
thermometer stand lower than the dry bulb ther< 
mometer ? 
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The apparatus is a Psychrometer, by 
which the humidity of the air relative to 
the dew point is indicated. If the air is 
nearly saturated the two thermometers 
stand nearly alike. If the air is at a 
temperature far ?ibove its dew point 
(relative to dew point very dry), the 
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difference in the indication of the two thermometers is 
very great. By means of an empirical chart the dew 
point is quickly found when we know the differential 
reading of the psychrometer stsmdiiig protected from the 
wind. 

Exp. 158. — Place the bulb of a maximum thermometer under 
the tongue (or ordinary thermometer with another to observe tem- 
perature). What temperature is indicated ? 

The normal temperature of the interior of the human body is 
about 37° (98°F.). If the temperature is reduced much below this, 
or raised much above this, death is the result. The temperature is 
kept from going dangerously below the normal by chemical action 
within the body. It is kept from rising dangerously above the nor- 
mal by evaporation (heat absorbed by) going on upon the surface of 
the skin. Sunstroke is simply an overheating of the interior of the 
body. Upon the borders of the Mohave Desert men sufficiently sup- 
plied with water can work in an atmosphere whose temperatiu*e is 46^ 
(about 115° F.), because the air is so " dry" that evaporation keeps 
them from becoming overheated. In the damp atmosphere of Atlan- 
tic coast cities a temperature of 37® (98° F.) produces " sunstrokes " 
by the score. 



TBB STEAM ENGINE. 
Exp. 159. —Fasten a aerew into the bottom of a rubber stopple. 
Oil stopple and place it lightly into mouth of atout flask In which 
water ia gently boiling. Whj doea it rise and fall ? 

Exp, 160. — Examine a steam boiler and engine as to the follow- 
ing details: (1) boiler tubes; wliy are they used? (2) Safety »alve; a 
lever of what ciasa, considering tension of steam 
the force ? Considering tension of steam the 
resistance P (3) Steam gauge (bent tube carry- 
ing indicator on inner end of coil and tending 
to straighten under pressure of steam, aa rubber 

hose does under water pressure). (4) Water- , b' 

glass and gauge cocks. (5) Governor (Fig. 
119), S from boiler, S' to steam chest, and A 
connected to shaft. (0) Steam Chest and 
tjlinder (Pig. 120), and (7) Shaft connec- 
tions. Fly-wheel, etc. 

A definite amount of heat can do a 
definite amount of work. Dr. Joule ' 

discovered by elaborate experiments 
that one thermal unit can do 42-t kilogram-meters of 
work. This is called the Mechanical Equivalent of Heat. 
The Steam Engine is a ma- 
ebine for traTuforming the 
energy stored in steam into 
mechanical motion. By means 
of a sliding valve V mov- 
ing in " steam chest " C, 
the steam is alternately ad- 
Pig.iao. mitted through the "ports" 

A and B to the " cylinder " in which the piston P 
moves. The piston rod turns the "shaft," and the 
sliding valve rod (" excentiic rod ") ia moved by an " ex- 
centrie " fastened to shaft. You will notice that this 
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does not always move in the same direction as tlie piston 
rod is moving. After the steam is used it passes out 
alternately through the ports B and A^ and through the 
" exhaust pipe " U. If U opens into the air the engine 
is non-condensing (or high pressure). If JE opens into a 
closed chamber to be condensed by cold water jets, the 
engine is a condensing engine (or low pressure). Those 
two points in the circle of the shaft's rotation where the 
piston's force is exerted with no effect are called " dead 
points." 

Investigations upon the subject of heat contributed 
largely to establish the modern doctrine of the Conser- 
vation of Energy; that is, the "sum total" of the 
energy or energies in the universe is constant. It is 
now known that energy is as indestructible as matter. 



QUESTIONS. 

1. Define convection, radiation, thermal unit, "steam jacket," 
latent heat, specific heat, dew point, tension of steam. 

2. Transpose to the other scale 9°,— 10%— 40° C, and 30°, 
60% 12° and -6° F. 

3. If the coefficient of cubical expansion were the same for 
glass and mercury, how would the ordinary mercurial thermometer 
work? 

4. Why is there a space left between the ends of the rails on a 
railroad track? Mention other cases which you have observed in 
which " heat expands solids." 

5. If 1680 cu. m. of coal gas at 0° in holder is warmed by the 
sun's heat to 15°, what will be its volume, if pressure remains the 
same ? (b) If pressure is double ? 

6. If we mix without loss of heat 5 kg. of ice at — 20°, 20 of 
water at 80°, 60 of water at 40°, and 2 kg. steam at 100°, what is 
the temperature of mixture ? 
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7. How many thermal units will be required to raise 1 kg. of ice 
to 40° ? [Will it be ice then ?] 

8. How much heat will be required to vaporize 1 kg. of water, 
whose temperature is 80° ? 

9. " Ice is no colder than the water in which it floats," why then 
should it be excluded from the kettle, if we are in a hurry to boil 
the water ? 

10. Why haven't you the melting point of black walnut given in 
any of the tables ? 

11. How much ice in closed chamber would be melted by 1 kg. of 
water at 100° ? 

12. If 1 kg. of an alloy at 100°, put into the same chamber, 
melts only 50 gm. of ice, what is the specific heat of the alloy ? 

13. Water will boil quicker in a tea-kettle with bright or smutty 
bottom ? Why ? 

14. In a cool room, which /ee^« colder, marble or woolen, both 
being at the same temperature ? How would it be in the sunshine 
of the hot desert ? Why in each case ? 

15. Why do both stokers and Arctic explorers wear woolen? 
[Its non-conducting qualities are partly due to the non-conducting 
air confined within it.] 

16. What apparatus might you use to cook potatoes on a high 
mountain as quickly as in the valleys? What are the "vacuum 
pans" of the sugar refineries ? 

17. Water distilled from solid impurities rapidly or slowly, will 
be purer ? Why ? 

18. We have more dew on still, or on windy nights ? On cloudy 
or on clear nights ? Under the tree or in the open field ? We have 
more frost deposited upon wooden or upon stone sidewalks ? Why ? 

19. A teamster upon a hot, moist day is in more danger of sun- 
stroke, when the difference in reading between the thermometers of 
psychrometer is great or little ? 

20. Enumerate a large number of "losses of energy" cutting 
down the efficiency of the locomotive. 

21. Why are icebergs often enveloped in fog ? 

22. Why will hot water " break glass " ? Why will heating the 
neck of a bottle often loosen the stopple ? 
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23. What causes the winds ? (&) Does the earth^s rotation affect 
their direction ? 

24. Rough or i>olished surfaces will cause a substance to become 
heated more rapidly ? 

25. Snow melts more rapidly under a tree than in the open field. 
Why? 

26. On the top of a high mountain one^s face is blistered in the 
sun more quickly than in valley. Why? Why are the mountain 
peaks so cold then ? 

27. Lead after beginning to melt, melts more rapidly than ice. 
Why ? [Appendix, Sections VII. and IX,] 

28. Why does the mercury at first fall, when a cold thermometer 
is plunged into hot water ? 

29. Ask and answer some good question which you found in 
some other book? One of your own originating? 

30. Give some experiments or illustrations which could easily be 
added to the list in this chapter. 

31. How would it affect the climate, if the latent heat of steam 
were changed from 537 to 1 ? (6) How would it affect the steam 
engine ? 
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CHAPTER XIII. 

STATIC ELECTRICITY. 

N'OTE. — All apparatus must be kept warm and dry, and as far 
as possible free from dust. Do not bring apparatus from a cooler to 
a warmer room just before using it. Why ? Many of the experi- 
ments given in "the books" cannot be performed satisfactorily in 
damp climates except upon unusually " dry " days. 

Exp. 161. — Rub a piece of amber upon silk, spread out upon the 
table, and bring it near bits of dry paper. 

The word electricity is from the Greek word "elek- 
tron" meaning amber. This experiment was performed 
more than 2,400 years ago. Electricity "produced" by 
friction is called for convenience Frictional or Static 
Electricity, though the student will hereafter find out 
that there is but one electricity. 

It should be remembered that we do not really produce electricity 
any more than we produce weight when we raise the clock weights. 
In this case we simply furnish the conditions under which weight 
may do work. When we press the empty beaker down into the 
water (Fig. 13), we do not produce buoyancy ; but we furnish the 
conditions under which buoyancy acts, or is capable of doing work. 
When we by winding coil up the watch spring, we do not produce 
elasticity as a property of matter, but we furnish the conditions 
under which elasticity may do work. By the convenient expressions 
"producing electricity" and "generating electricity" we mean 
furnishing the conditions under which electricity may do work. 
The electrified amber possesses potential energy, due to previous 
work done upon it. This energy becomes kinetic while it is doing 
the work of drawing the bits of paper to itself. 
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* Exp. 161. (6) Mount a bent sliver of dry wood upon a pivot, as 

shown in Fig. 121. Rub one end of a warm glass 
pestle, or large glass rod, vigorously with rough or 
ribbed silk. Quickly bring the glass near the side 

Fi 121 *^^ ®°^ ®^ *^® sliver without touching it. After- 

ward, and promptly, bring the rubbed portion of the 
silk near the mounted sliver. 

(c) Rub a piece of sealing wax with fur (or flannel), and hold it 
near without touching the sliver. Afterward bring the fur near 
sliver. 

(d) Suspend a stick of sealing wax in a paper (or hairpin) stirrup 

(Fig. 122), by double silk threads to prevent untwist- 
I ing. Electrify wax with fur as before, and quickly 

j bring the sliver near the electrified end. The un- 

\ j electrified stick attracts the electrified sealing wax. 

i-4 (e) Again electrify the wax, and bring near 

„, ,^^ the rubbed end glass electrified with silk. Notice 

Trior l22 

attraction or repulsion. Bring near suspended 
wax another similarly electrified stick of wax. Notice attraction or 
repulsion as before. If the day is a damp one, watch for minute 
indications of pulling or pushing force. Again rub glass with silk, 
and bring the silk near suspended wax. Rub wax with fur, and bring 
the fur near the suspended and electrified wax. 

There are two kinds of electrification. One kind is 
developed on glass by rubbing it with silk, in which 
case the glass is said to be positively/ electrified. The 
other kind is developed on sealing wax by rubbing it 
with fur, in which case the sealing wax is said to be 
negatively electrified. It is important to notice that the 
silk with which the glass is rubbed becomes negatively 
electrified, and that the fur with which the sealing wax 
is rubbed becomes positively electrified; that is, both 
electrifications are developed at the same time. One 
kind cannot be developed without the development of the 
other in equal quantity. Electrified bodies are said to 
be charged. 
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Bodies with like charges repel each other^ and bodies with 
unlike charges attract each other. If we have given two 
bodies oppositely charged, whose kind of charge is 
respectively known, to find whether a third body is 
charged, and if so, with what kind of charge, repulsion 
is a much better test than attraction. Why ? 

The attractions and repulsions between bodies due to electrifica- 
tion are mutual. One does not attract the other any more than the 
other attracts " the one." In general, any one of the following 
substances becomes positively electrified when rubbed with any 
one below it in the list, and negatively electrified when rubbed with 
any one above it : 

1. Fur. 6. Metals. 

2. Flannel. 7. Sealing wax. 

3. Glass. 8. Resin. 

4. Cotton. 9. Sulphur. 

5. Silk. 10. Gutta Percha. 

Exp. 162. — Suspend by means of parallel silk threads two pith 
balls having smooth surfaces so that they just touch each 
^ other. Threads may fall from a cork with or without 
handle as in Fig. 123. Touch the balls with an electrified 
body. 

(6) To the lower end of a brass rod or wire having 
on top a knob of similar material, and passing through 
a cork, fasten two strips of gold leaf (or of 
aluminum foil). The rod may be flattened 
123. slightly to bring the "leaves" closer together. 
They must touch the rod, though they may be 
fastened with wax. Place the whole in a glass bottle as in 
Fig. 124. Touch the knob with a small electrified body, 
and observe the action of the leaves. Do the leaves 
remain separated for a while before collapsing? 

An electroscope is an instrument for readily detecting by the 
action of repulsion between its indicators, the presence of a charged 
body. By it we may also determine whether the charge is positive 
or negative. The most common forms are the gold-leaf and the 
pitb-ball electroscopes. If a single pith ball hangs by a rigid thread 
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to a brass rod carrying a graduated quadrant, as the deflection can 
be readily measured for the purpose of comparing the intensity of 
charges, the apparatus is a simple electrometer. 

Exp. 163. — Bring a positively and strongly charged body near, 
without touching, the knob of a gold-leaf electroscope. No spark 
should pass between the body and the knob. The leaves slowly 
diverge. Remove the body, and the leaves immediately collapse. 
This shows that the leaves were charged only during the presence of 
the electrified body. 

(6) Repeat, but touch knob of the electroscope, and remove 
finger before the positively charged body is removed. The leaves 
do not immediately collapse when the electrified body is removed. 
Touch knob with strongly and negatively electrified sealing wax. 
The leaves diverge further, showing that the electroscope was charged 
negatively by means of a positively charged body. 

A body charged by the presence of an electrified 
body without contact with it is said to be charged by 
induction. 

The last experiment shows how to charge a body by induction. 
Fig. 125 gives a theoretical explanation of the process, which ex- 
planation may be helpful in re- 
p^ membering the facts. The posi- 

tive charge on the glass rod A 
attracts from the neutral elec- 
troscope a negative charge to 
the knob, and repels a positive 
charge to the leaves. As long 
as the positively charged rod is 
near the knob, the negative 
charge in the knob is said to be bounds and the positive charge in 
the leaves is repelled. When the knob is touched, the positive 
charge "escapes" to the earth through the experimenter's body as 
shown by the line B. After the finger and then the rod are removed, 
the negative charge in the knob, being no longer bound by the 
presence of the positive rod, becomes /ree, and distributes itself over 
the whole body as represented at C. If the rod is removed without 
first connecting the electroscope to the earth, the positive charge of 
the leaves and the negative charge of the knob attract and neutral- 
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ize each other, causing the leaves to collapse. Although there is 
only one electricity, many authors speak of "positive electricity" 
and " negative electricity," meaning respectively a positive charge 
and a negative charge. 

Exp. 164. — Fasten a test tube mouth downward with wax to the 
inside of the cover of a tin pail A, (Fig. 126). Solder a brass nail to 
the inside and center of a larger cover, after the 
point of the nail has been cut off so that it has the 
height of the edge of the cover. Fill this cover B 
with melted wax, leaving the nail flush with the level 
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surface of the wax. Connect lower tin to the earth B 
through gas pipe. Electrify solidified wax with fur Pig. 126. 
or flannel, and place cover A upon it. Raise A and 
touch with it the knob of a positively charged electroscope. A is 
positively charged by electricity drawn from the earth through the 
central nail by induction from the negative wax. Replace A and 
removing again, touch it with the finger. The charge is felt as a 
slight "shock." This maybe repeated many times without again 
electrifying the sealing wax. 

An electrophorus is an apparatus for the production 
of electrification by indnctioii* 

Exp. 165. — Turn the plate of a small Toepler-Holtz or Wim- 
shurst machine till the crackling sound indicates that its separated 
terminals or poles are moderately charged. By means of a small 
proof-plane determine which pole is positive. This is done by char- 
ging an electroscope positively, and carrying a charge with the 
proof-plane from the pole to the knob of the electroscope. If the 
leaves diverge further the pole is positive, if they collapse and then 
diverge the pole is negative. [A proof-plane may be made by wax- 
ing an inverted test tube to the center of a tin cover. This should 
always be used in testing a highly charged body, otherwise the 
leaves of the electroscope are torn by the violence of the repulsion.] 

Toepler-Holtz and Wimshurst machines are compli- 
cated devices for " producing static electricity " by in- 
duction, very little friction being employed. These 
should work well even in damp weather. They are too 
complicated to be studied in detail by beginners. 
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A positively charged body is said to have a higher potential than 
the earth whose average potential is taken as zero. A negatively 
charged body is said to have a lower potential than the earth. The 
flow of electricity is from a higher to a lower potential; metals, 
charcoal, acids, living vegetable and animal tissues, water, moist 
earth, etc., being good conductors. Resins, sulphur, gutta percha, 
glass, silk, porcelain, dry air, etc., are poor conductors. The latter 
are also called insulators or dielectrics. Though he may not at this 
point comprehend fully its meaning, it will be well for the student to 
remember that in studying Static Electricity he is studying electri- 
city of high potential. This will be made clear in subsequent chapters. 

Exp. 166. — Prepare a flat cake of sulphur about 2 centimeters 
thick. Suspend by a silk thread a ball electrified by contact with 
positive knob or pole of the machine. Place the knob of the gold- 
leaf electroscope a little more than 2 centimeters below, and quickly 
insert the unelectrified cake of sulphur. The leaves diverge more 
as though the ball had been brought nearer or had suddenly received 
a stronger charge. 

Induction acts more readily through some dielectrics than through 
others. The specific inductive capacity or dielectric constant of 
sulphur is much greater than that of air. 

Exp. 167. — Fasten a brass knob to a brass rod, and passing rod 
through cork, hang to rod a short brass chain. Place the cork in 
the mouth of a jar which is coated inside and outside 
with tinfoil as shown by dotted lines in Fig. 127. Charge 
^ ^^ the inside coat positively by a somewhat prolonged con- 
tact with the positive pole of the machine in action, 

I while the hand, in contact at the bottom with the outside 

I I coat, holds the jar. The outside coat becomes nega- 
j i tively charged by induction through the glass, and as a 

lxin!VrMfi5 stronger positive charge is given to the inside coat a 
197 stronger negative charge is bound upon the outside coat. 
Set the jar carefully (without breathing upon 
the apparatus) upon the table. Place one knob of a dis- 
charger (wire carrying two knobs and insulating handle 
H, Fig. 128), first against the outside coat, and bring the 
other knob promptly against the knob of the jar. A 
disruptive discharge takes place through the dielectric Fig. 128. 
air before the two knobs touch each other. After a ' 
few minutes obtain another very weak discharge in a similar manner. 
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A Condenser or "Leyden Jar" is composed of two 
good conductors, separated by a dielectric or insulator. 
It is not at all necessary that the form be that of a jar. 
The inside coat may be charged negatively, and the 
outside positively. The "flow" or "current" is then 
from the outside coat to the inside. The weak charge 
that is always left after the first discharge is called the 
residual charge. A thunder cloud usually charged posi- 
tively, the dielectric air, and that portion of the earth 
below charged negatively by induction, form a huge 
Leyden jar. One cloud may be charged positively, 
another negatively, and the discharge take place from 
the fiirst to the second through the air. 

Exp. 168. — Prepare a Leyden jar with movable coats by taking 
a sloping glass dish (a, Fig. 129), and fitting a tin coat inside and 
outside, soldering a large copper wire 6 carrying 
a knob to the inside coat. Charge the jar. By 
means of a glass rod remove inside coat, and then 
with fingers the glass, touching the glass to an 
electroscope. Bring the two conductors together. 
There is no spark. Place the whole together again 
as rapidly as possible, and discharge jar with- a Pig 120. 
discharger. 

The dielectric is by no means passive during the process of char- 
ging and discharging the conductors which it separates. Electricians 
have proved that while the conductors are charged the dielectric is 
under strain. In the case of glass so situated, the glass affects light 
passed through it as though it were resisting great mechanical stress. 
A dielectric in this state is said to be polarized. The polarization 
is easily shown in the case of the dielectric turpentine by floating 
in it short silk threads. Between pointed conductors oppositely 
charged the threads assume a position parallel to each other with 
the ends towards the conductors. 

Exp. 169. — Let a large number of pupils join hands in a curve. 
L#et one at the end hold the Leyden jar while it is being charged. 
As soon as it is moderately charged let the pupil on the other end 
of the curve touch the knob. 
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The efifect of the passage of a current of electricity 
of high potential through the living body is called a 
shock. If a battery of several jars were connected the 
shock might be dangerous to receive. 

Exp. 170. — Sei)arate properly the poles of the electrical machine. 
Rapidly torn the plate, and observe the path of the disruptive dis- 
charge. Observe odor about the machine. 

The path of the discharge is straight only when it 
is very short. There are several reasons for this, the 
tendency to follow the line of least resistance in the 
dielectric being one. The discharge changes part of 
the oxygen of the air into ozone, which has a slightly 
sulphurous odor. (See Ozone in Chemistry.) 

Exp. 171. — Hold a dry card between the poles of the electri- 
cal machine, and pass an electrical spark through it. In what way 
does the hole differ from that made by a pin ? 

Exp. 172. — Sharpen the end of a short piece of copper wire. 
Wind the wire about the positive knob of the machine with the 
sharpened end projecting towards the negative knob. How does 
the point affect the discharge ? Darken the room, and observe glow 
about the point. 

(6) Separate as far as possible the knobs, and turning the point 
aside a little, hold the back of the hand near it while the machine is 
in vigorous action. Observe wind and " cobweb " sensation. . Hold 
also the flame of a candle having very small wick. The flame 
should be blown out by the rush of the molecules of air repelled 
from the point. 

The last two experiments give meaning to the names 
" disruptive discharge " and " convective discharge,^'* The 
latter takes place from points. These favor the rapid 
and quiet discharge of electricity. Indeed, a body hav- 
ing pointed projections cannot retain a charge. St. 
Elmo's fire is but a convective discharge, of the variety 
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called "glow" discharge, which takes place from or 
towards the pointed masts of ships. 

Exp. 173. — Hang two pith balls by silk threads so that one 
touches the outside and the other the inside of a tin can. Support 
the can on the positive pole of electrical machine and 
electrify it. The ball on the outside is repelled, while 
that on the inside is unaffected. 
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Static electricity "resides" on the outside of a 
hollow conductor, so that a hollow conductor has the 
same capacity or " will hold " as much electricity as a Pig-. 130. 
solid one of the same outside diameter. When the 
electricity "flows," however, the solid conductor conducts better, 
the "current" not being confined to the surface. 

Exp. 174. — Repetitional Experiments. Place a wig on a metallic 
head and electrify. Why do the hairs stand on end ? (6) Ignite 
gas jet between the poles of the electrical machine, (c) Ignite 
ether placed in shoal glass or porcelain, dish, (d) Mount on point 
of steel needle two crossed, sharpened wires flattened at center by 
hammering, and bent at the four sharpened ends like tubes of 
Barker's mill. Connect needle with positive pole. The " Electric 
Whirl " is the name of the apparatus, (e) Cut a large number of 
diamond-shaped pieces of tinfoil about one centimeter long. Fasten 
them in a spiral upon the outside of a freshly varnished tube, so 
that they nearly but not quite touch. After apparatus is dry, 

connect and pass electric spark around this 
"luminous tube." (/) Hang to brass rod A^ 
P'ig. 131, two bells, B by brass chain, and C by 
silk thread, and between them hang brass clap- 
per by silk thread, so that it lacks about one 
centimeter of touching each bell. Connect A 
with one pole and C with the other by chains. 
These "electric bells" ring as the machine is 
worked, (g) Support a square piece of dry 
plank upon four stout dry bottles. Upon this 
"insulating stool" let one pupil stand, and 
hold chain connected with positive pole. The pupil becomes charged 
positively as machine is worked. The hair rises, and sparks may 
be drawn from any portion of his body, stronger if the second 
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pupil holds a chain connected with the negative pole, {h) Stand 
hrass rod with knob into bottle of water. Charge water holding 
bottle in one hand. Touch knob with the other hand. This was 
the earliest form of the Leyden jar. (t) Connect a horizontal tin 
cover with one pole, and a cover below with the opposite pole. 
Electrifying, make light images of pith "dance*' between the plates. 
(j) Wind closely around a steel wire a fine insulated copper wire. 
Pass small disruptive dischai^es or a steady " current" through the 
copper wire from one pole of the machine to the other. Has the 
steel wire assumed any new properties ? Will it attract small pieces 
of iron? 

Exp. 175. — Connect a Geissler's tube (a glass tube containing 
rarefied air with platinum wire fused through the ends) to the poles 
of the electrical machine, and vigorously work the machine. A 
beautiful glow and play of colors appear, better observed if the 
room be darkened. 

The Aurora Borealis, or Northern Lights, is believed 
to be caused by the currents of electricity passing 
through the rarefied air in which the play of colors is 
seen. If the air be still further exhausted in a Geissler 
tube, a point is reached beyond which the highly 
rarefied air becomes an insulator as before any exhaus- 
tion. 

Lightning Rods oftener protect buildings by securing a rapid 
convective discharge from the cloud to the earth or vice rersa, than 
by conducting a disruptive discharge. Among the requirements for 
good protection are the following : — 

1. The rods should be made of iron or copper with flat cross 
section or of separate wires. Each rod as far a^ possible should be 
without joints or with few and carefully made joints. 

2. The rods should rise from all the higher portions of the build- 
ing, as chimneys, etc. The top of the rod should be composed of 
several pointed projections made or covered with metal which resists 
oxidation. 

3. Each rod should be separately carried into the moist earth, 
and packed about with finely broken charcoal, or connected with 
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a large metallic plate. Underground iron gas-pipe and water-pipe 
near the rod should be connected with the grounded portion of 
the rod. 

4. To prevent lateral discharges, all large metallic conductors, as 
tin roofing, etc., should be connected with the nearest rods, and 
should also be separately earthed. 

It should be noted that we have sometimes in thunder storms 
what corresponds to the so-called "cloud-burst" among rains, or the 
"cyclone" among storms. Ordinary protection of a house against 
rainfall would avail little against a " cloud-burst," and ordinary 
precautions against heavy winds would avail little against a " con- 
densed cyclone." Of two thunder clouds having each enormous 
surfaces, and having each bound charges, the charge of one may 
become suddenly free by the discharge of the other, and a terrific 
rushing, oscillating, and disruptive discharge from the one will take 
place to the earth. Rods which would afford ample protection in 
all ordinary thunder storms would afford little protection against 
such an impulsive rush discharge. Rods detached from the building 
would lessen the danger from such a discharge. Tall excurrent 
trees standing eight or ten meters from the building, by vicariously 
offering themselves to the stroke, would assist in protecting the 
house. [See Franklin, Faraday, Static Electricity, and Lightning in 
cyclopaedia, and views of Lodge on "Lightning Rods" and Harris's 
system of protecting ships, in an electrical dictionary.] 

Note. — The student must not overestimate the comparative im- 
portance of static electricity. Current electricity or voltaic electri- 
city, soon to be studied, is of far more economic importance. High 
potential or static electricity is needed to produce mechanical dis- 
ruptive effects, physiological "shocks," and direct heating effects in 
the dialectric without contact of conductors ; but ordinary current 
electricity, that is electricity in the current state, produces directly 
or indirectly nearly all of the useful effects sought after by those who 
at present invest in electrical appliances. 

QUESTIONS 

1. How would you in the simplest way determine whether a body 
suspended by a silk thread was electrified or not ? 

2. How would you determine what kind of electrification it 
possessed ? 



148 ELEMENTS OF PHYSICS. 

3. How would you charge an electroscope positively by induc- 
tion? 

4. Why is a proof-plane used by electricians in charging by con- 
tact a gold-leaf electroscope ? 

5. Why should you not breathe upon the knob of a charged Ley- 
den jar while holding it ? 

6. Given a charged thunder cloud above a house, would it be 
better that there should be a smoking fire of green wood in the open 
fireplace or that there should be no fires in the house ? Why ? 

7. Given a charged cloud above and a fire of green wood upon a 
large bed of coals, would it do any good to pour water on and put 
the fire out ? 

8. When is a charge bound and when free f 

9. Static electricity "resides" upon the outer surface of hollow 
or of solid conductors. Give one reason why the charge in a cloud 
becomes more intense as many minute drops condense into larger 
ones. 

10. Why should lightning rods be pointed above? (b) Why should 
they reach moist earth below ? 
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CHAPTER XIV. 

MAGNETISM. 

Exp. 176. — Obtain a piece of rock called magnetic iron oxide or 
lodestone, and dip it into iron filings. Do they adhere to one part 
any more than to other parts ? Will the filings adhere to ordinary 
rocks? 

(&) Try to make the filings adhere to a common steel needle. 
Kub one end of the needle with the iron oxide, using one of the two 
portions of the rock to which the filings abundantly adhered, and 
rubbing the needle from the center towards the end, carrying the 
rock back to the center of the needle through the air. Will any 
filings now adhere to the rubbed end of the needle ? Will any 
adhere to the end that was not rubbed ? Roll the needle in filings. 
To what portions of the needle do the filings most adhere ? 

(c) Will the rock now attract filings as well as before, or has it 
lost part of its energy in giving energy to the needle, just as a mov- 
ing bat loses part of its energy in giving energy to the ball ? Be 
careful about this investigation. 

A magnet may be defined as a body having a special 
attraction for common iron, and possessing two " poles " 
towards which the attraction is stronger than towards 
equal areas elsewhere upon the body. [See Exp. 180 
for an apparent increase in the number of poles.] Mag- 
nets are called natural or artificial according as they 
are found " in nature " or are " made." The exper- 
iment shows one way of making permanent magnets. 
Permanent magnets are made out of steel, the two 
principal forms being the bar magnet and the horse- 
shoe magnet. 
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Exp. 177. — Float the piece of magnetic oxide on a flat piece 
of cork. Does it show any tendency "to point" in some definite 
direction ? 

(6) Cut a naiTOw groove in the cork to hold the needle, and point- 
ing the needle westward float it. Does it remain pointing west? 
Point the needle east. Does it remain so pointing ? 

An ordinary magnetic needle is simply a magnet so 
mounted that it is free to turn in a horizontal plane. 
It may be mounted by (1) floating, (2) suspending by 
untwisted fiber, or (3) supporting upon a pivot. The 
end of the needle which tends to point northerly is 
called the north-seeking pole, and the opposite end the 
south-seeking pole. The north-seeking pole of perma- 
nent magnets is usually marked iV or 4? and is often 
called the positive pole. 

Exp. 178. — Pass a steel knitting needle through a flat piece of 
cork, and fit two pins into the cork at right angles to the needle and 

in the same plane. Adjust the needle so 

S^v^ that it will remain horizontal when pointing 

^N^ nearly east and west, the pins being sup- 

^0^ ported horizontally. Turn the needle so that 

^"-^ it points nearly north and south, and magnel- 

^^.N ize by rubbing towards the north end with 

Pigr. 132. the south-seeking pole of a strong magnet 

and toward the south end with the north- 
seeking pole, carrying the pole back through the air and being care- 
ful not to move the needle with reference to the cork. Mount again 
upon pins and the north end JV, Fig. 132, "dips" as though it h»d 
become heavier. [See Exp. 187 and comments.] 

A dipping needle is a magnet mounted upon an axis 
running horizontally through its center of gravity, so 
that the needle is free to turn in a vertical plane. The 
amount of the dip is called the inclination of the 
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needle, and is in general different for different latitudes, 
in northern latitudes the north-seeking end dipping, 
and in southern latitudes the south-seeking end dip- 
ping. What is approximately the inclination for your 
locality ? 

Exp. 179. — Bring the north-seeking pole of a strong har magnet 
near the north-seeking pole of a magnetic needle. Is it attracted or 
repelled ? 

(6) Bring the north-seeking pole of the bar magnet near the 
south-seeking pole of the needle. 

(c) Eepeat (a) and (6), using the south-seeking pole of the har 
magnet. 

(d) Force the north-seeking pole of the needle up very near the 
north-seeking pole of the bar magnet. It is attracted. Pull it 
away at once, leaving it at some little distance away. It is again 
repelled. 

(e) Hold a piece, of soft iron near first one pole and then near the 
other pole of the needle. Is there repulsion in either case ? [See 
soft iron, Section I., Appendix.] 

Like poles repel and nnlike poles attract each other. 
That portion of space about a magnet throughout 
which its influence perceptibly extends is called its 
field. 

If a weak pole be forced near to a strong like-seeking pole, there 
is a temporary reversal of polarity in the weaker magnet, and the 
two apparently like-seeking poles attract. If the weak pole remains 
in contact or nearly in contact with its powerful neighbor, there is 
permanent reversal of polarity. The attraction between a magnet 
and soft iron is mutual. The attractions and repulsions between 
magnets are mutual, but repulsion is a far better test of polarity 
than attraction. Why? In experiments requiring observations of 
the differing effects upon a magnet needle, the needle should be 
placed at some distance from all masses of iron not purposely in- 
volved in the experiments. Why ? 
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Exp. 180. — Magnetize a knitting needle by rubbing its center 
with the north-seeking pole of a strong bar magnet, and its two ends 

outward with the soutb- 

SS seeking pole, repeating the 

■^ s.\:^^w^ .^ss-^/^^ <^\S((/ <r M operations several times. 

^^^f!^^ WW ^^)' Roll the needle In iron fil- 

FifiT. 133. iJigs, and note that there 

seem to be three poles in 
one magnet as shown in Fig. 133. Notice carefully whether the 
filings attached to the cen- 
ter all point in the same y\%i cc 
direction. We have really ^^ Mfifh- ^sS^/feg ^■/ijr. .^/ y>. ^ 
made two magnets out of ^^^^S^ WP" 3^i^^""^^«^ "^ 
one piece of steel, with two Figr. 134. 
south-seeking poles at the 

center. Lay the needle upon a smooth surface, and bring south- 
seeking pole of the bar magnet near its center, and observe repulsion. 
Test also each end pole by repulsion. We may by properly rubbing 
produce poles as shown in Fig. 134. 

Consequent poles are double poles formed' between the two 
terminal poles of a magnet by irregular magnetization. These, of 
course, are to be avoided as much as possible in all ordinary mag- 
netization, as they tend to weaken materially the two normal poles. 
While a magnetized bar of steel, considered as one magnet, may 
have more than two poles, it can never have less than two poles. 
The double pole SS (Fig. 133) is called a consequent pole; that is, it 
is spoken of as one pole. Such a magnet is said to be anomalous. 
The line joining the two poles of a normal straight magnet is called 
the magnetic axis. This axis may not correspond with the longi- 
tudinal axis of the magnet, es- 

• *: tfigg ^^ pecially if the cross section of 

the magnet is large. For care- 
fully made magnets, however, 
of small cross section, these two 
axes may be considered to coin- 
Figr- 135. cide. Consequent poles may be 

avoided by rubbing with opposite 
poles from the center of the piece of steel as directed in Exp. 178, 
or by rubbing with one pole from one end to the other of the steel 
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steadily carrying tlie pole back through the air. The end of the 
steel which the influencing or inducing pole leaves for its return 
through the air will become possessed of opposite polarity as s*hown 
in Fig. 135. The steel should be turned upon its longitudinal axis 
that all parts of its lateral surface may be rubbed. 

Exp. 181. — Magnetize a small steel sewing needle and test its 
polarity. [It will be more convenient and prevent confusion, if in 
magnetizing sewing needles the pointed end is always made the 
north-seeking pole.] Break the needle into two pieces with pair of 
pincers, covering with cloth that the free piece may not "fly." Test 
each piece for polarity. Break one of the two pieces again and 
test. Each piece is a magnet. 

(h) Fill a long half-inch test tube nearly full of steel filings. 
After it has been laid horizontally and tapped till the filings have a 
level surface, draw one pole of a bar magnet over the test tube. Do 
this several times, just as though magnetizing a piece of steel. Do 
the filings take, out of their previous confusion, any definite posi- 
tion with reference to each other and the tube ? Regarding each 
end of each separate filing as a pole, could we properly describe 
what has happened by saying that the contents of the test tube had 
become "polarized" ? Shake the test tube vigorously. What hap- 
pens ? Polarize again the surface filings by applying the magnet. 

(c) Dip the end of a magnetized knitting needle into iron filings. 
Note carefully the amount of filings which it will lift. Hammer the 
needle vigorously upon an anvil for some, little time, and test by 
filings as before. Is the magnet weaker or stronger than before ? 

(d) Test a short magnetic needle, noticing how many iron filings 
it will pick up. Heat needle to redness, and keep at the red heat 
for several minutes. Cool by plunging into water, dry and test with 
filings. Is it now a stronger or 



weaker magnet than before ? a |/WnV''/x\ i i\\^/,s' \^i^\'^\<>\^ \ </ 

The theory respecting the in- ["■-^'■/V/i -/V-,,-7fi/,MV'^ 

temal condition of magnetized 
iron or steel is that the molecules 
are themselves magnets before the B 
body is magnetized, but these are Yia. 136. 

arranged confusedly as shown in 

A, Fig. 136, so that there is no external manifestation of magnet- 
ism, that is, no free magnetism. After magnetization of the body 
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the molecules are supposed to be arranged with regularity as shown 
at B, the north-seeking poles pointing towards the north-seeking end 
of the body, and the south-seeking poles pointing towards the south* 
seeking end. The body is then said to be polarized. If all of the 
molecules are so arranged the body is said to be magnetized to 
saturation. This theory explains (1) why any portion broken from 
a permanent magnet is itself a magnet, (2) why pounding a strong 
magnet or letting it fall weakens it, (3) why heating to redness 
destroys the magnetism, as we know that heat increases the irregu- 
lar molecular niotion in bodies, (4) why rubbing with another mag- 
net will make a magnet of steel, and why a powerful magnet may 
reverse the polarity of a weaker one, (5) why gently tapping while 
magnetization is being produced hastens the process, and (6) why 
there is a sound heard, analogous to the "tin cry," when power- 
ful soft iron magnets are suddenly demagnetized and magnetized. 

Exp. 182. — Place a piece of nickel (not the coin, which is only 
partly nickel), and a piece of bismuth upon the table, and see if 
they are each attracted by a magnet. 

Iron is not the only metal attracted by a magnet. Nickel, cobalt, 
and some other substances, are attracted. Bismuth, antimony, and 

some other substances, are not only not attracted, 
\ / but are repelled by either pole of powerful magnets. 

\ / Substances attracted by magnets are said to be mag- 

netic (or paramagnetic), and substances repelled 
are said to be diamagnetic. 
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Exp. 183. — Suspend a piece of soft iron (A, B, 
Fig. 13*7) above a good horseshoe magnet. Test the 
polarity of the soft iron with a bar magnet. It will 
be found as shown in the cut. Remove the soft 
iron from the field, and test polarity first with light 
needle suspended by long delicate untwisted thread, 
and again with heavy pivoted needle. With the 
first it shows slight polarity ; with the second 
none. 



The influence exerted by a magnet to produce po- 
larity in bodies within its field is called induction. 
The soft iron is said to be made a magnet by indue- 
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tion. " Nothing but a magnet is attracted by a mag- 
net," for the substance must be, or must be made, a 
magnet before attraction takes place. Soft iron is sen- 
sibly a magnet only while it is within a magnetic field, 
and a soft iron magnet is therefore called a temporary 
magnet. Steel, as we have seen, retains its magnetism 
after removal from the field, and a steel magnet is 
therefore called a permanent magnet. The slight traces 
of magnetism which a piece of soft iron retains after 
removal from a magnetic field is called residual mag- 
netism. [See Exp. 201.] 

Exp. 184. — Take three approximately similar pieces, one of soft 
iron, soft steel, and hard steel respectively. Stand the three verti- 
cally into iron filings, and with bar magnet touching in succession 
the top of each, raise quickly and detach from the magnet the piece 
without long contact. Gently rap with a lead pencil each piece as 
soon as it is removed from the magnet. Which lifts most filings ? 
Which retains the larger per cent of what it has lifted ? 

Steel is magnetized and demagnetized less rapidly 
than a similar piece of soft iron in a field of equal 
strength. This power of resisting magnetization and 
demagnetization is called coerciye force. Hard steel 
has great coercive force and soft iron very little. [See 
Electro-magnets.] Coercive force exerted to retain mag- 
netization is sometimes called retentivity, 

Exp. 185. — Determine if a strong bar magnet will attract readily 
iron tacks through sheets of paper, glass, zinc, copper, and soft iron 
respectively. The attraction seems to be about the same except in 
the case of iron. 

Soft iron may be used as a " screen " to magnetism. An inside 
case of soft iron may be used to protect the steel "hair spring" of 
watches from magnetization. [See Exp. 186 (g) and comments.] 
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Exp. 180. — Uagnetic Force Lines. Cut a depresglon in a smooth 
piece of board just lai^ enough to receive flatwise a flat, strong liar 
magnet. Cover tlie mag- 
net and board with a tliln 
glazed piece of paper, and 
fasten it firmly at the 
corners witli copper tacks 
(Fig, 138). Sift upon the 
paper steel filings (from 
saw) and holding the whole 
horizontally with one hand 
spread out beneath, tap it 
Fig. 138. gently for some time from 

beneath with a light ham- 
mer, letting the blow come between the outspread fingers as nearly 
along the " line of direction " as possible. Avoid draughts of air or 
heavy breathing upon the filings that after each blow they may be as 
much as possible under the Influence of the magnet ouly. 

Magnetic Force lines are imaginary lines, but you 
now have a graphic representation of them in a most 
beautiful picture. The axis of the earth and the equator 
of the earth are imaginary lines, but they are of no 
more importance to the sciences treating of them than 
are force lines to the science of magnetism. In . 
Fig. 77 we may consider every vertical as a gravi- 
tational force line along some one of which every 
particle of matter in the body is urged. The 
direction of a gravitational force line is down- 
ward along the vertical. 

Exp. 186 (6). — Suspend from a cork ^, a plumbline and 
a magnetized knitting needle as shown in Fig. 139, and 
bring the small lead ball & and the north-seeking pole of pj^_ 
the needle down in different places successively near the 139. 
horizontal plane upon which the filings are arranged. In 
what direction is the pole urged ? [In this and the succeeding 
chapter, by "force line" will be understood a force line of a msg- 
netic field.] 
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A force line is the line along which a single pole 
is urged. Magnetic force lines are curved. 

The direction of a force line is the direction in 
which a north-seeking pole is urged. The force lines 
are assumed to come out of the north-seeking pole 
of the magnet, to pass round through the air (or 
other medium), and to enter at the south-seeking 
pole, completing their circuits through the body of 
the magnet. Though the direction is really as much 
in the other direction as 
in the one according as a 
south-seeking or a north- 
seeking pole is acted upon, 
yet to prevent confusion, 
electricians have fixed the 
direction as determined by 
the tendencv of the north- 
seeking pole. We should then think of the force lines 
not as without direction as shown in Fig. 138, but as 
having the direction shown in Fig. 140. 

Exp. 186 (c). — Fuse and nearly close one end of a glass tube i>, 
Fig. 141. Magnetize a very small sewing needle, and tie an un- 
twisted silk thread about it, so that it balances hori- 
zontally when suspended. Place a bit of melted 
wax on the under side to prevent slipping. Pass the 
other end of the thread down through the fused end 
of the glass, and inverting, draw needle up as shown. 
Wax the thread at the top (c) of the glass tube. 
The glass tube prevents " motion of translation." 
This makes a very good ordinary magnetic needle and 
dipping needle combined. Place the needle in dif- 
ferent places just over the filings. Does it mark as a 
tangent the direction of the force lines ? Try the 
vertical plane. Try oblique planes. Examine the steel filings (mag- 
nets) quite carefully as to the directions in which they point. 



Figr. 140. 
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A magnetic needle free to rotate upon any axis, 
under the influence alone of a given field, places its 
magnetic axis tangent at the center to the force lines 
of that field, and shows also the direction of the force 
lines of the field. There are no open spaces in the field 
as there seem to be between the "magnetic curves " of 
the filings. These open spaces are due to the mutual 
attractions and repulsions of the 'little induced filing- 
magnets. The smallest portion of space in a magnetic 
field is presumed to have at least one force line running 
through it. 



Ekp. 180. — (d) Sprinkle 
a horseshoe magnet, and nc 



PlB. 142. 



1 like manner Blings above the poles of 
e position and direction of force lines 
(Fig. 142). (e) Sprinkle filings 
above the poles of two bar mag- 
nets placed as shown, in Fig. 143. 
Note the direction of repelled 
! force lines. {/) Place as shown 
/; in Fig. 144. (3) Place a soft 
iron armature or keeper (a piece 
of soft iron used to cover the 
poles of a horseshoe magnet) 
in the field represented in Fig. 
whether fewer or more force lines as 



142 or Pig. 144, and 
shown by tilings pass towards and 
therefore through it than before 
passed through the same space when 
filled with air. 

Soft iron possesses great 
conductivity for force lines. 
In other words, it increases 
greatly the number of force 
lines passing through the space which it occupies. This 
property is called permeability. Tlie great permea- 




Fig. 143. 
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bility or conductivity for force lines of soft iron will 
explain more fully Exp. 185. 
The tendency of the force /^.. -o y. 

lines is to seek the opposite j^^^f^^^^jf^ 



pole, and that by way of ^ ... r¥"" ^+ ^ 

the iron rather than through ' \^s^=-^^.r/ 

the air space. [See magnetic .' 

screen in electrical dictionary.] 



y^ 
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Exp. 187. — Place the south-seeking pole of a bar magnet towards 
the north, and above its center hold the needle of Fig. -141. Pass 

the needle slowly north and south 
over the magnet and observe the 
dip (Fig. 145). As we carry 
a dipping needle from north to 
south and from south to north 
pi» 145. ^^^^ ^^® surface of the earth, it 

behaves very like this needle, its 
north-seeking pole dipping more as we go farther north of the equa- 
tor, till near Hudson Bay it stands vertical with its north-seeking 
pole downward. As we go farther south of the equator its south- 
seeking pole dips more and more. 

(6) Hold an unmagnetized bar of iron as the dipping needle points, 
and gently rap it with a hammer. Test with needle. It has become 
perceptibly polarized, the lower end becoming a north-seeking pole. 
The earth is, or acts like, a great magnet, having two normal 
poles and several consequent poles. The pole near Hudson Bay is 
a south-seeking pole, that is, if our earth were suspended so as to 
rotate freely, and were brought near a fixed earth just like itself, 
this Hudson Bay pole would seek the south. The magnetic axis 
of the earth does not correspond with the geographical axis, but is 
inclined to it. [See Exp. 178 and comments.] 

Exp. 188. — Determine the true geographical meridian from the 
architect's drawings or from other sources. Draw a line upon the 
table in the plane of this meridian, that is a line precisely north and 
south. Suspend a long magnetized knitting needle just above this 
line, and measure the angle which it makes with the line. See that 
no magnet or iron is near the needle. 
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The variation or declination of the needle for any given place is 
the angle which the needle makes with the geographical meridian at 
that place. Rememhering that the earth* s force lines pass north- 
ward towards the magnetic pole near Hudson Bay, that the dipping 
needle is tangent at its center to the earth* s force lines, and that 
a vertical plane passing through the magnetic axis of the dipping 
needle passes through the magnetic axis of the horizontal needle at 
the same place, — we have the data for the complete explanation of 
declination. The declination and the inclination of the needle vary 
slightly from year to year at any given place. Fig. 146 shows why 
the declination is about 18° east in San Francisco {S.F.), about 20^ 
west in Portland, Me. (P.), and zero at Cleveland, O. (C). G-P is 
the geographical pole, M a geographical meridian, M-P the magnetic 
pole, and arrows show magnetic meridians. Cleveland is on the 
** line of no declination," and the horizontal directions of the force 
lines are called magnetic meridians. The force lines enter the earth 
near the magnetic pole, which lies below the surface. 



GrP 




Fig. 146. 

Note. — The subject of magnetism is by no means completed in 
this chapter. See Chapter XV. See also Magnetism, Amperian 
Currents, Astatic Needle, etc., in electrical dictionary. 



QUESTIONS. 

1. Why is repulsion a better test of polarity than attraction ? 

2. If we find a north-seeking pole at one end of a piece of steel 
are we sure that there is a south-seeking pole at the other end ? 
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3. What is a saturated magnet ? 

4. Under what circumstances will a north-seeking pole apparently 
attract another north-seeking pole ? 

5. What is meant by the Magnetic Equator of the earth ? How 
would you determine whether you stood upon it ? 

6. In your latitude by induction from the earth's field the upper 
or the lower end of an iron post becomes a north-seeking pole ? 
How would it be in Lat. 60° south ? 

7. Suppose a bar magnet supports three nails, one below the other 
from its north-seeking pole, what is the polarity of the lower end of 
the lower nail ? 

8. Define force line, direction of a force line, coercive force, in- 
clination, declination, consequent pole, induction, permeability, mag- 
netic axis, north-seeking pole. 

9. Suppose we hold a bar magnet horizontally, and attach as 
many nails as it will hold one after the other below the pole. What 
will be the effect if we place a large piece of soft iron opposite the 
nails upon the upper side of the magnet ? Exp. 186 (g) will help 
explain this. Kemember that a field is stronger as more force lines 
pass through it and weaker as fewer pass. Is there more or less/ree 
magnetism to act upon the nails while the soft iron is present ? 

10. Mention some experiment which might be substituted for one 
given in this chapter. (6) Mention something which you have 
learned about magnetism "outside of school and books," either by 
your own observation or from those engaged in employments involv- 
ing the use of magnetism. 
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CHAPTER XV. 



CURRENT ELECTRICITY. 



Exp. 189. — Into a tumbler two-thirds full of water, pour about 
one-twentieth its volume of sulphuric acid, stirring with glass rod 
that the bottom of tumbler may not become too suddenly heated. 
Stand into the acid a strip of zinc about 3 cm. wide and 4 cm. 
longer than the height of the tumbler. Observe the efiPect of chemi- 
ca^l action. Hydrogen is set free in the form of bubbles according to 
the reaction, Zn + H2SO4 = ZnS04 + Hg. [See Chemistry.] Remove 
and rub that portion of the zinc which has been acted upon by the 
acid with a few drops of mercury, using a piece of soft leather, or a 
piece of cloth tied upon a stick. Immerse as before in the acid. 
The bright amalgam of mercury and zinc is not acted upon by the 
dilute acid. Nail the zinc and a similar piece of copper to opposite 
sides of a narrow strip of wood, reaching across the top of the 
tumbler. Use short nails or tacks, being sure that they do not touch 

one another in the 

wood. Inclose the 

bright ends of two 

short pieces of insu- 

Wlated copper wire as 
' shown in Fig. 147, 

and bend the two 

strips under and 
Fig. 147. downward, so that 

they may be near 
together and parallel, but not touching. Immerse in the acid, and 
observe that there is little or no chemical action. Connect the two 
wires and observe that the copper strip is rapidly covered with bub- 
bles showing that chemical action begins as soon as the wires are 
connected. Thinking of the sulphpic acid molecule as composed 
of two parts, a positive H.2 and a negative grouping SO4, the chemi- 




Figr. 148. 
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cal action may be represented by Fig. 148, in which the whole circles 
represent the original molecules, and the dotted circles the progres- 
sive decomposition from right to left. 

A Yoltaic Cell is composed of two conductors im- 
mersed in a liquid which acts chemically upon one 
of them, while they are externally connected by an 
electrical conductor. The immersed conductors are 
called plates, and the ends of the unconnected wires 
leading from each are called poles or terminals. The 
plate acted upon chemically is positive, therefore its 
pole (^opposite end) is negative. When the poles are 
connected, the electric '' current " is assumed to '-''flow " 
from the positive plate through the liquid to the nega- 
tive plate, and from the positive pole to the negative 
pole through the external conductor. 

The zinc plate is ^'•amalgamated'''' to prevent chemical action 
when the " circuit is open," and to prevent " local action " when the 
circuit is either "open" or "closed." By local action is meant 
chemical action producing a current between the minute particles 
of impurity imbedded in the commercial zinc and the rest of the zinc 
plate, all going on within the liquid and contributing nothing to the 
external current. 

Exp. 190. — Adjust the spring so that it will just lift the armature 
of a sounder. Consider this instrument as a machine upon which 
energy may be expended, and do not at present give the sounder 
further study. Connect one wire from the cell to one "binding 
post " of the sounder, using either wire. Does anything seem to 
pass from the cell over one wire to the sounder ? Connect the two 
wires to the sounder, one to each post, and observe that something 
draws the armature down, overcoming the resistance of the spring. 
It is as if something passed from the cell through one wire to the 
sounder, and returned to the cell through the other wire, doing work 
in passing. Very soon the bubbles of hydrogen accumulate upon 
the copper plate of the cell, and the armature is drawn up by the 
spring, showing that the "current of electricity" is weakened. 
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Brush quickly the hydrogen bubbles from the copper plate, or lift the 
plates out of the liquid and reinsert them; the armature is drawn 
down again, showing that the *^ current^' is strong enough to do 
directly or indirectly the work of overcoming the resis^^nce of the 
spring. The bubbles again quickly accumulate, and the spring lifts 
the armature. Does the "current" pass through the air space 
before you touch the " binding post" with the wire, as the electricity 
produced by friction would do ? 

The accumulation of a film of hydrogen upon the 
negative plate of a voltaic cell produces what is called 
polarization of the cell. This weakens rapidly the 
current, partly because it must pass through this non- 
conducting film of hydrogen, and partly because of the 
tendency of the hydrogen to produce an opposite cur- 
rent. Efforts to prevent polarization give rise to nu- 
merous kinds of voltaic cells. The most effective method 
is to destroy the hydrogen set free by the chemical 
action, before it accumulates upon the negative plate. 
This is done by surrounding the plate with a liquid or 
solid that will react or unite with the hydrogen. 

Exp. 191. — At the bottom of a glass jar about 15 cm. deep, place 
a large strip of thin sheet copper, Cw, Fig. 149, bent up at each 

end and having riveted to it the cleaned end of a 

+ ^^~^ rubber coated. No. 16, copper wire b. Place crys- 

/^ \ tals of copper sulphate upon the copper, a few 

^^b ^ j more than will dissolve when the dish is two-thirds 

full of water. After stirring the copper sulphate 

till a saturated -solution has been formed, pour 

carefully upon it a dilute solution of zinc sulphate. 

This solution will float upon the other. It may be 

made by dissolving zinc in dilute sulphuric acid 

till hydrogen ceases to be evolved. Bend a heavy 

Fig- 149. jstrip of zinc, and hang it over the edge of the jar 

with the lower portion below the surface of the zinc sulphate as 

shown. Solder or rivet an insulated copper wire, No. 16, to the 
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zinc. Both wires should be short, and may be lengthened by at- 
taching other wires to them by connectors. One is shown in Fig. 150, 
viz., two strips of sheet copper, 1 X 3 cm., riveted 
at the center and open at each end. Connect this ^-- , ^ --^ 
cell to the binding posts of the sounder and ob- 
serve that the armature goes down and stay a. down. 
The zinc does not need to be amalgamated, and may be removed 
from the liquid when the cell is not in use. 

The Grayity Cell gives a very constant current, and is 
called a closed-circuit cell, because it may be kept on a 
closed circuit without polarization. 

The chemical action in the cell may be explained thus: The 
copper sulphate solution slowly diffuses upward through the less 
dense zinc sulphate solution, and coming in contact with the zinc 
the principal reaction may be considered to be 

Zn + Cu SO4 = Zn SO4 .+ Cu 

The copper by the same progressive action through the liquid 
as is" shown in Fig. 148 is deposited^ upon the copper plate. Copper 
deposited upon copper does not change materially the internal condi- 
tions, and hence the constancy of the current. Among the subordi- 
nate reactions going on at the same time is the oxidation of the zinc 
setting hydrogen free. Part of this hydrogen is entangled in the 
impurities upon the zinc, as the pupil will observe, and part makes 
its way towards the negative plate by progressive decomposition, but 
is prevented from reaching the plate by the following reaction : — , 

H2 + Cu SO4 = H2 SO4 + Cu 

The copper is deposited as before. Among the names given to 
the gravity cell are " copper sulphate," *'blue stone," and '* crow- 
foot." This cell is a modified form of the Daniell's cell (which see 
in reference books). A battery is usually composed of several cells 
connec«^'»d, though one cell used alone may be called a battery. In 
this country most batteries used in telegraphing are composed of 
gravity cells. 

Exp. 192. — Connect the gravity cell to the sounder by fastening 
one wire to one binding post, and touching the other binding post 
with the other wire several times, observing the force with which the 
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armature is drawn down, (b) Fasten a long coil of fine insulated 
copper wire by one end to the free binding post of sounder, and 
make connection several times as before, passing the current through 
the coil. Does the cell do as much work upon the sounder when it 
it sends its current through a long wire between itself and the 
"machine" upon which it does work? 

Resistance is the obstruction offered by any con- 
ductor to the passage of a current of electricity. No 
substance possesses perfect conductivity, that is, offers 
no resistance to the passage of a current of electricity. 

The action of a cell may be compared to the action of a pump, 
P, Fig. 151, which forces water from the lowest and discharging 
point A up to the highest point B, the entire line A to JB, including 
the pump, corresponding to what is within the cell. In case of the 
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Pier. 151. 

gravity cell, A represents the zinc plate and B the copper plate 
within the liquid. It is as if something were forced up, so to speak, 
by the action of the cell from the zinc plate to the copper plate, to 
flow downward through the external conductor as water would flow 
downward and back from i? through CD to A, If the pipe CA were 
either longer or smaller or rougher, the current of water would meet 
more resistance in returning to A. So with electricity, if the ex- 
ternal wire is longer or smaller, or made of not so good a conducting 
material, the current would meet more resistance. The upright tubes 
Nos. 2, 3, 4, etc., represent the fall in pressure or level due to resist- 
ance in the pipe. If the pipe from C to D were enlarged, then there 
would be less difference in level between No. 2 and No. 1, and there 
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would be more pressure in the pipe between D and A^ which pres- 
sure would raise slightly the level in all the tubes between D and A, 
If the pipe from C to D were made smaller, then there would be more 
difference in level between No. 1 and all the other tubes. We might 
call the pressure exerted by the pump to produce the difference in 
level " water-motive " force, and the amount of water passing any 
point, as A^ the current. So the "electric pressure" of the cell, or 
whatever it is in the cell which tends to produce a current of elec- 
tricity, we call Electro-motive Force, That which corresponds to 
difference of level in water we call in electricity "difference in 
potential,'''* and the amount of electricity driven through the resist- 
ance by the electro-motive force we call the current. The potential 
falls in proportion to the resistance just as the water level does, as 
shown by the upright tubes in Fig. 151. The difference in potential 
between any two points is the difference in effective electro-motive 
force between those two points. 

Units for measuring Electro-motive Force (E. M. F. or simply E), 
Resistance (R), and Current Strength (C), will now be given. The 
resistance in the whole circuit is often conveniently divided into ex- 
ternal resistance (R) and internal resistance (r). When no r (small) 
appears, R covers the total external and internal resistance. 

A TOlt is approximately the electro-motive force de- 
veloped by one gravity cell. 

It is the "electric pressure" produced by one gravity cell, or it 
is the " difference of potential " between the plates of the gravity cell. 

An ohm is approximately the resistance offered by 
50 meters of copper wire 1 millimeter in diameter. 

The legal ohm is the resistance offered by a volume of mercury 
at 0°, 106.3 centimeters long, with a cross section of 1 square milli- 
meter. It is understood that the current passes longitudinally 
through all conductors, unless the contrary is mentioned. The con- 
ductiTity is the reciprocal of the resistance. If the resistance of 
a wire is 2 ohms, its conductivity is i. 

An ampere is the current produced by an electro- 
motive force of one volt acting through a resistance of 
one ohm, or an equivalent current. 
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Two volts acting through 2 ohms would give a cur- 
rent of 1 ampere, tut 2 volts acting through a resist- 
ance of J an ohm would give a current of 4 amperes. 
Ohm's Law may be stated mathematically as follows : — 

in which C is the current in amperes, E the electro- 
motive force in volts, and R the resistance both external 
and internal in ohms. 

Exp. 193. — Amalgamate the lower half of a stout strip of zinc by 
dipping it in dilute sulphuric acid, and then rubbing with a few drops 
of mercury. Set this zinc strip loosely into a space sawn out from 
two strips of board as shown by modified horizontal section in Fig. 152, 

placing it between two rods of carbon (waste car- 
J+ bons from an arc light) fastened at the top between 

the two strips of wood. The zinc should be set so 
J that it can be raised or lowered, but must not be 

set so loosely as ever to touch the carbons. Con- 
Fig. 152. Ji^ct the carbons with a wire pressed against them 

by screwing one piece of wood to the other. Solder 
or clamp to both the zinc and the wire loop a wire to convey the 
current. Fill a wide-mouthed bottle a little over half full with a 
solution of chromic acid in dilute sulphuric acid, 1 volume of the 
sulphuric acid to 15 volumes of water. [Instead of this a saturated 
solution of potassium bichromate in sulphuric acid of double this 
strength may be used. Dissolve the bichromate after the acid has 
become cold. The reaction of course produces chromic acid J] Place 
the carbon and zinc plates in this liquid, and touch for a moment 
only the binding posts of the sounder, observing with what energy 
the armature is drawn down. Lift the zinc from the liquid as 
chemical action upon it continues after the circuit is opened. It is 
better to remove both zinc and carbons after you have finished using 
the cell for the day. 

The Chromic Acid Cell has an electro-motive force of 
about 2 volts. The chromic acid checks polarizatioa by- 
oxidizing the hydrogen, but this oxidation does not go 
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on with sufficient rapidity to prevent gradual polariza- 
tion. The current is always stronger when the zinc 
is first immersed, and grows slowly but continuallj^ 
weaker. 

This cell is often called a Grenet cell ; and a Plunge Battery is 
composed of several chromic acid cells, the plates of which are con- 
nected to a board, so that by means of a crank they may be raised 
from, or lowered into, the liquid. 

Exp. 194. — Place two or three rods of carbon together, and stand 
them into a porous earthen cup. Pack about these pulverized carbon 
(or charcoal) mixed with manganese dioxide. Fill the cup full, and 
wax over the top with the carbons projecting above. 
Place the porous cup in a glass dish containing a satu- 
rated solution of ammonium chloride, and stand a rod 
or strip of zinc into the solution outside of the porous 
cup. Twist about each carbon very firmly a short 
copper wire, and then twist the free ends of these 
together, allowing one to extend beyond the rest. Solder 
another wire to the zinc. After the porous cup is well Flgf. 153. 
soaked in the solution, pass the current for a moment 
through the sounder, and observe that the armature is drawn down 
promptly. 

The Leclanche Cell (pronounced in two syllables by 
dealers and workmen) has an electro-motive force of 
about 1.5 volts. It is an open-circuit cell. When the 
circuit is closed the current grows rapidly weaker, 
because the manganese dioxide does not oxidize the 
hydrogen nearly so fast as it is set free by the reaction. 

For hell ringing and other discontinuous work this cell is most 
excellent. It recovers from polarization as it rests, and needs little 
care except filling up with water occasionally. The porous cup needs 
no renewal. When the ammonium chloride (sal-ammoniac) solution 
becomes nearly exhaused it should be poured out, and the porous cell 
soaked in water iiW It no longer smells (/ '• ammonia.'''' The cell may 
then be " recharged " by a fresh solution of ammonium chloride and 
a new zinc rod, if necessary. 
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Note. — The cells above mentioned may be purchased of any 
dealers. There are many other cells in use besides the three men- 
tioned in this book. See larger works and the electrical dictionary 
for a description of these. Pupils may manufacture cells of various 
sorts by using strips of different metals immersed in different liquids, 
as salt and water, caustic potash solution, etc. 

Exp. 195. — Connect a coarse, uninsulated copper wire about 
5 dcm. long to the two poles of a chromic acid cell. Dip the center 
of the bent wire into steel filings, and, raising it, notice that no 
filings cling to the wire. Dip again into the filings, and, lowering 
the zinc plate, after a few moments raise the wire. 

A wire carrying a current of electricity is surrounded 
by an electro-magnetic field, or, more simply, by a 
magnetic field. 

Exp. 196. — To determine the direction of the force lines in the 

field surrounding a wire carrying a current. Bend the uninsulated 
wire connecting the poles of the chromic acid cell into the shape 

shown in Fig. 154, and bring its 

> >^ plane into the magnetic meridian. 

1 Magnetize a very fine needle, and, 

breaking off about 4 mm. of the 
pointed end, tie an untwisted silk 
liber (from imraveled silk ribbon) 
near its center. Wax the under 
side by means of a hot glass tube 
touched to wax and then to the 
silk. Mount this magnetic needle 
by passing the fiber through a short 
piece of glass tubing, as shown in 
Fig. 141. Hold this magnetic needle 
successively on each of the four 

^ sides of that part of the wire up 

i which the current is to pass, and 

drop the zinc. W. Ich way does the 
needle point for each position ? 

(h) Do the same with reference to that part of the wire down 
which the current passes. Obaerve with care if the needle points 



I 



t 



t 



i 



t 



Fifif. 154. 



CtlRRENT ELECTRICITY. 171 

the same as before on the front, rear, right-hand and left-hand side 
of the wire. 

(c) Hold the needle on top and then under the two horizontal 
portions of the wire. How does the needle i)oint ? 

Bight-Hand Bnle. — Grasp the wire with the right 
hand so that the extended thumb points in the direction of 
the current ; then will the curved fingers show the direction 
of the force lines, 

Exp. 197. — Let some one connect the wire to the poles, covering 
them with a handkerchief that you may not see them. Can you 
now determine by the needle which way the current passes ? 

(6) Place a pivoted or suspended needle about 3 cm. long succes- 
sively under and above each horizontal wire. Does it turn at right 
angles to the wire as the short and light needle seemed to do ? 

A magnetic needle used to determine whether a 
current of electricity is passing, and if so in what direc- 
tion, is called a Galyanoscope. 

We may include in the galvanoscope the wire, straight or coiled, 
through which the current passes to affect the needle. Any given 
force line produced by a current in straight wire lies in a plane at 
right angles to that wire. The needle, however, lying in the magnetic 
meridian, when currents are passed about it along this meridian, 
does not turn at right angles to the wire, because, though the force 
lines due to the current urge its axis towards the east and west line, 
the earWa force lines (horizontal component) urge it towards the 
magnetic meridian. According to the laws of the composition of 
forces, the needle takes up a position somewhere between the two 
positions. A current at right angles to the magnetic meridian might 
not only not move the needle, but might hold it more firmly 
stationary. 

Exp. 108. — Through a coil of No. 16 insulated copper wire, made 
by winding carefully upon a lead pencil till the coil is about 1 dcm. 
long and then removing the pencil, pass a current of electricity from 
a gravity cell. Hold the coil horizontally, and pass the current in 
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Fig. 156. 



such a way that the flow shall he upward pn the nearer side and 
downward on the farther side, as shown by the modified section in 

Fig. 155. Grasp the coil in the 
right hand so that the curved 
fingers point in the direction 
of the current, and hold the 
thumb extended. Bring each 
end of the coil near the north- 
seeking pole of a pivoted 
magnetic needle. One end 
repels and the other attracts the needle. 

(6) Pass the current so that it will come down on the nearer side 
and go up on the farther sidch Reverse the right hand as you grasp 
the coil, that the curved fingers may point in the direction of current. 
Test the coil for polarity. 

Bight-Uand Rule for Coils. — Grasp the coil so that 

the curved fingers show the direction of the current ; then 
will the extended thumb show the direction of the force 
lines that thread through the coil. 

Exp. 199. — Make a small chromic acid cell by using a beaker, 
with a well-fitted cork carrying below the plates and above a con- 
nected coil of fine wire. Float this cell by passing the beaker down 
through a hole in a large, flat piece of cork. The coil turns its 
axis to the meridian. Bring the north-seeking pole of a bar magnet 
to the north-seeking pole of coil. 

A regular coil of wire through which a current 
of electricity is flowing possesses polarity, and behaves 
like a magnet. Such a coil is often called a solenoid. 

Exp. 200. — Cut soft iron wire into pieces a little longer than the 
coil used in Exp. 198, and fill the coil with wire. Pass the current 
as before, and bring the north-seeking pole of the coil near the nortli- 
seeking pole of the needle. Is the needle repelled more or less 
vigorously than when no soft iron was within the coil ? 

Soft iron being an excellent conductor of force lines when placed 
within a coil, increases greatly the strength of the poles by prevent- 
ing the leakage of force lines on the sides of the coll as shown by tlie 
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four arrows in Fig. 155. This conductivity causes the lines to run 
through the coil, to emerge at the north-seeking pole, and to enter 
at the south-seeking pole, greatly increasing the strength of the 
poles. 

Exp. 201. — Hold the coil and soft iron vertically. Pass the cur- 
rent again, and picking up upon the lower pole a large soft iron 
nail, break the circuit. The nail drops. Use a very light nail. 
(6) Pull out one of the soft iro^ wires from the coil and observe 
that either pole of a heavy pivoted needle is attracted by it. 

Soft iron made a magnet by a current of electricity 
passing about it is called an Electro-magnet or a tem- 
porary magnet. The iron retains its magnetism only 
while the current is passing. A minute trace of mag- 
netism, however, is left after the current ceases. This 
is called residnal magnetism. 

The electro-magnet may have the form of the bar or of the 
horseshoe, but more commonly that of tlie horseshoe. This brings 
the poles near together and concentrates the force lines within a 
smaller field. If the observer /aces the pole, the current must pass 
anti-clockwise about the soft iron to produce a north-seeking pole 
and clockwise to produce a south- 
seeking pole. Fig. 156 shows how 
a horseshoe electro-magnet must be 
wound, the wire crossing between 
the two arms over the connecting -pig 156 

piece (dotted) as shown. If the 

horseshoe electro-magnet were bent out straight, the wire would run 
regularly from one end to the other as in the bar electro-magnet. 

Exp. 202. — Place half of a steel knitting needle in the coil, and 
pass the current as before. Kemove and test the polarity of the 
needle. 

A current passed around a piece of steel, through 
an insulated wire, makes of it a permanent magnet. 
Stronger magnets may be made in this way by power- 
ful currents than by rubbing with other magnets. 
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Exp. 203. — Connect three Leclanch^ cells on open circuit as 

shown in Fig. 157, and observe that between the cells you have 

a series of arcs. (6) Turn the 
cells about so that zincs and 
carbons stand connected in two 
rows as shown in Fig. 158. 
Notice that you have multiplied 
the number of arcs necessary to 

connect any two cells by two. Notice also that the connecting wires, 

if straightened out, are parallel^ 

and that if the zincs and car- 
bons were men marching with 

the wider front, they would be 

marching abreast. Connecting "Fig. 158. 

cells, inasmuch as we connect 

two at one time, is often called "coupling" cells, though there may 

be many cells in the battery. 

When the positive plate of one cell is connected to 
the negative plate of the next cell the cells are said 
to be connected in series ; and when the positive plates 
are connected directly to each other, and the negative 
plates directly to each other, the cells are said to be 
connected in multiple arc or in parallel or abreast. In 
multiple arc is sometimes contracted to " in multiple.' 
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Exp. 204. — Upon a horizontal base, A^ Fig. 159, erect a hollow 
circle of wood C, having an outside diameter of about 25 cm. and 

inside diameter of 20 cm. The 
circle should be grooved on the 
outside to receive wire, or a flex- 
ible strip of wood may be fas- 
tened with brass tacks aboii,t each 
edge to hold the wire between. 
It should be mounted vertically 
upon the base. This may be 
Fifif. 159. done by means of square-cor- 

nered blocks, screwed to both base and circle. No iron or other 
magnetic metal should be used in its construction. A little below 
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the center of the circle, fasten parallel to the base a strip of 
wood D. Dismount the circle, and wind carefully upon it from a 
spool a great many turns of fine insulated copper wire. Remount, 
fastening the ends of the copper wire to the bottom of two binding 
posts BB', so that starting from the left hand binding post B the 
wire may pass oner and under (in the order mentioned) the circle. 
Precisely at the center of the circle mount upon a sharp pivot a 
magnetic needle about 2 cm. long and made from watchspring. The 
pivot may be driven in by grasping with small pincers, and pound- 
ing upon them with a small hammer. Fig. 160 shows a modified 
horizontal section, explaining the mounting of 
the needle. Below it is a cardboard carefully 
graduated in degrees, and to the under side of the 
needle is fastened a piece of x)ith, through which 
the pivot passes freely, and from which two fine 
threads of glass run out precisely at right angles 
to the needle. These threads serve as pointers, 
and are made by drawing out suddenly a fine 
tube of glass that is red hot at the center. The 
needle should have a depression on the under 
side to receive the pivot. This may be made by 
softening the needle, impressing with steel point, 
harlening, and remagnetizing. [Sect. I. Appendix.] The graduated 
circle should be about 1 dcm. in diameter. The needle should be 
boxed in a very shoal box having a thin clear glass cover. This 
prevents drafts of air from disturbing the needle. The needle and 
pointers should be so adjusted that the pointers may each indicate 
the same deflection w^hen a current from a constant battery is passed 
in either direction through the coil. The reading may be taken be- 
fore the vibrations cease by observing the central mark over which 
the needle swings. The whole should be handled very carefully that, 
after the needle and pointers are once correctly adjusted, they may 
not get out of adjustment. Bring the coil into the plane of the 
magnetic meridian, that is, adjust so that the pointers indicate 0. 
Pass a current from one gravity cell in at JS, and over and under the 
needle, and out at B', . Apply the right-hand rule for coils, and ob- 
serve whether the needle follows the rule. Observe also the amount 
of the deflection. Pass the current in the opposite direction, and 
apply the rule, (b) Use two cells connected in series, and observe 
the amount of the deflection. 
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A galvanoscope provided with a scale so that the 
deflection of the needle may be accurately measured is 
called a galvmiometer. A Tangent Galvanometer is so 
called because the strengths of any two currents passing 
through it are proportional to the tangents of the angles 
of deflection. [Sect. X. Appendix.] If from two bat- 
teries two currents passing successively through the 
galvanometer deflect the needle to 45° and 65° respec- 
tively, the currents or amperes are not as 45 to 65, but 
the second current is 2.14 times the first, the tangents 
of these angles being as 1 to 2.14. What is the tan- 
gent of an angle ? 

The coil must be kept in the plane of the earth^s magnetic 
meridian, or in the vertical plane passing through the needle, before 
it is influenced by the current. A "controlling magnet," whose 
force lines combine with those of the earth's, may determine this 
plane. The needle must be short compared to the idiameter of the 
coil, so that in deflection it may not pass out of a sensibly uniform 
fleld ; that is, so that the lines of force may be sensibly parallel in 
that part of the field occupied by the needle. If the galvanometer 
contains a long coil of fine wire, it is called a high resistance gal- 
vanometer. 

Exp. 205. —Make a tangent galvanometer like the last, except 
Instead of many turns of fine wire use. two turns of coarse wire, 
No. 8 or No. 10, with a diameter of only 10 cm. for the coil. 

If a galvanometer contains only a few turns of very 
coarse wire, it is called a low resistance galvanometer. 

The high resistance and the low resistance galvanometer may be 
combined upon the same stand by using four binding posts. By 
multiplying the binding posts, and carrying the wire around again 
after returning it to the second binding post, and again returning to 
a third post, etc., the instrument may be made either a long coil or 
a short coil galvanometer at will. 
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Exp. 206. — Connect two gravity cells in series through the high 
resistance galvanometer, and observe the deflection of the needle. 
Connect them in multiple arc through the instrument. Is the deflec- 
tion more or less ? This experiment seems to prove that it is better 
to connect cells in series. 

(h) Connect as before first in series and then in multiple arc 
through the low resistance galvanometer. This experiment seems 
to prove that it is better to connect in multiple arc. 

When the external resistance is great, connect cells in 
series. When the external resistance is small, connect 
cells in multiple arc. The reason for this will soon appear. 

Exp. 207. — Connect two binding posts, A and B, Fig. 161, at 
the base upon a board by a very fine wire r, and a very coarse wire 
C. Place the central por- 
tion of the two wires par- 
allel to the magnetic merid- 
ian, and pass a current from 
A to B. Hold a needle Fig 161 

(galvanoscope) above the 

center and close to each wire in succession. Why does the needle 
turn more from the meridian when over one wire than 
when over the other? A galvanoscope may measure 
very roughly the relative strengths of currents. 

When a current divides over two or more 
conductors, the parts of the divided currents 
are called shunt currents, or simply shunts. 
The current divides inversely as the resistances. 
For instance, if the resistance in c is two ohms, 
and the resistance in is one ohm, two-thirds 
Y A of the current passes over (7, and one-third 
|B A| over c. Either current is a shunt to the 
Figr- 162. other. 

When there are three shunts, the reciprocals of the numbers 
expressing the ohms in each shunt are to be taken, and the current 
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divides as these. For instance: between the two leading wires or 
*^ leads/* Fig. 162, so large that the resistance along these between 
the cross wires may be neglected without sensible error, let there 
be three shunt wires having 2, 3, and 4 ohms resistance respectively. 
How will a current of 26 amperes divide over these shunts ? 

SOLUTION. 

i = y3= 6, ^ of 26 = 12 amperes over the first, 
i = A = 4, ^ of 26 = 8 " " second. 

i = A= AAo^ 26=_6 " " third. 

13 26 = total current. 

To find the total resistance between two leads, knowing the re- 
sistance of each shunt, we may proceed as follows : — 

(1) If the shunt wires are all of equal resistances we have, of 
course, only to divide the resistance of one by the numbers of shunts. 
For instance, if there are two shunts having 1 ohm resistance each, 
the combined resistance of the two would be only i an ohm. Cells 
coupled in multiple arc. Fig. 158, form internal shunts as shown by 
the arrows. Such a battery has as its internal resistance only the 
resistance of one cell divided by the number of cells. Its electro- 
motive force is only that of one cell. In other words, in Fig. 158 it 
is the same as though we had one cell three times as large. 

(2) If there are two shunts of different resistances, take the re- 
ciprocals of the resistances. This gives the conductivity of each 
wire. Add these conductivities, and again take the reciprocal for 
the combined resistance. In Fig. 161 let shunt c have a resistance 
of 3 ohms, and shunt C a resistance of 2 ohms, we find the com- 
bined resistance as follows : — 

I = conductivity of c. 

^ = conductivity of C 

J + i = f = combined conductivity. 

f or 1.2 ohms = combined resistance. 

Making the terms general, let r and r' be the resistances, then 

11 r -{- r' 

will — and - be the conductivities. Adding we have — — = the 



rr 



rr* 



combined conductivity and = the combined resistance, tbere- 

r ■{• r' 

fore the combined resistance of two shunts is equal to the product 
of the separate resistances divided by the sum. 
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(3) If there are more than two shunt wires of varying resistances, 
add the conductivities and take the reciprocal for the combined 
resistance. 

EXAMPLES. 

1. Four cells having an E. M. F. of 1.5 volts each and an internal 
resistance of .0 of an ohm each, give what current when connected 
in series through a coil having a resistance of 8 ohms? (&) If the 
same cells are connected in multiple arc, what current shall we 
obtain ? 

Solution (a). 
E 



R+r 
6 



C = 

^~8 + 2.4 

C = .57 + amperes. Ana, 

Solution (6). 

8 + .15 
C = .18 + amperes. Ans. 

2. If we pass the current from the same four cells through a coil 
of coarse wire whose resistance is only .1 of an ohm, which will be 
better, to connect in series or in multiple arc ? 

Solution (a). 
C = -, , n A ~ 2-^ amperes. Ans. If in series. 

Solution (6). 

1.5 
C = ' = 6 amperes. Ans. If in multiple arc. 

3. If six chromic acid cells have each an E. M. F. of 2 volts 
and an internal resistance each of .9 of an ohm, what current will 
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they give if connected as shown m Fig. 163, through an external 

resistance of .6 of an ohm? [The 
straight wires connecting the groups 
in parallel or multiple arc before 
the two groups are connected in 
series, are assumed to he large that 
their resistances may be neglected 
in solving.] The E. M. F. of each 
group is 2 volts, while the resistance 
of each group is, according to the 

law of internal shunts, .3 of an ohm (.9 -i- 3). Therefore we 

have: — 




Fig. 163. 



C = 



.6 + .6 



= 3.3 + amperes. Ana. 



(6) Is this a greater or a less current than would be obtained, if 
the cells were coupled in series ? 

(c) Than if cells were coupled in multiple arc ? 
A "mixed coupling" is sometimes better than either the series 
or the multiple arc connection. 

4. What is the combined resistance between the leading wires 
represented in Fig. 162 ? 

Solution. 

i + i + i = I'i^ = combined conductivity. 
\i = .92 -h ohms. Ans. 

Exp. 208. — Bend a long, fine, insulated copper wire backward 
upon itself from the center, making it double, each half parallel and 
close to the other. Now wind from the bent middle a coil upon 
a lead pencil, and, removing pencil, test the coil for polarity while a 
current is passing through it. 

Non magnetic coils are produced by winding the wire 
double. The electro-magnetic field produced by the 
current advancing to the center of the wire is destroyed 
by the returning current, which produces force lines 
running in the opposite direction. 
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A rheostat is an instrument containing a series of 
non-magnetic coils of graduated resistances. 

The coils of the rheostat are connected to two adjacent segments 
(Fig. 164 and Fig. 165) of a thick hrass plate in such a ^nanner that 





Fig. 165. 

any coil may be introduced into the circuit, passing from the binding- 
post B to the post B' by simply removing the brass peg or switch S, 
When the pegs are all in there is practically no resistance In the 
plate of the rheostat. When any peg is out, then the current must 
pass through the coil connecting the same segments as the peg 
connects. 

Exp. 209. Pass the current from a gravity cell through the rheo- 
stat and through the low-resistance galvanometer. Observe the 
deflection of the needle. Introduce by removing its peg the 2-ohm 
coil, and observe deflection. Now introduce the 20-ohm coil. Why 
is the deflection less as more resistance is introduced ? 

(6) Place a fine coil of uninsulated copper wire in circuit with 
the low resistance galvanometer, arranging the coil vertically. Ob- 
serve the deflection. Heat moderately the coil, and observe the 
effect ux)on the deflection. 

(c) Treat in like manner a coil of Grerman silver wire. Is the 
effect of heat more or less marked than before ? 

Heat increases the resistance of metallic conductors, 
but aflfects the resistance of German silver much less 
than that of ordinary metals. For this reason resist- 
ance coils used in electrical measurements are often 
made of German silver. Heat decreases the resistance 
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of carbon and of liquids in general. By what experi- 
ments might you prove this? 

Exp. 210. — Pass the current from a constant battery through the 
sounder and the galvanometer, using coarse wire that its resistance 
m ly be neglected without sensible error. Do not place the sounder 
very near the galvanometer. Why ? Note the deflection. Remove 
sounder and in its stead place the rheostat. Remove pegs from the 
plate till the needle is deflected just as before. Add the resistances 
of the rheostat that have been thrown into the circuit to replace the 
resistance in the sounder. 

To measure the resistance in any instrument (or con- 
ductor), add the resistances in the rheostat which have 
exactly replaced the resistance of the instrument. 

In attempting very accurate measurements this method is open to 
the objection that no battery gives a perfectly constant current. For 
such measurements a more complicated arrangement of resistance 
coils is used, and the apparatus, conventionalized in Fig. 166, is 




called Wheatstone's Bridge. The current flowing from ^ to D 
divides at A, part going by way of B and part by C The dotted 
sides are practically three connected rheostats, in each of which the 
resistance may, of course, be varied by removing pegs shown by the 
small dots in the cut. The instrument or coil whose resistance is to 
be measured is attached at d to the binding posts one on either side 
of the opening. A galvanometer is connected between the posts 
B and C. When the resistance in the four sides are in the propor- 
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tion a:b::c:d9 there is no current through the galvanometer. This 
is easily seen by the pupil, if he will think of water flowing from 
^ to D through two pipes, while a small cross pipe extends from B 
to C So long as the pressure is the same at B and C there is no 
current through the cross pipe. So with the electrical current, if 
the potential, that is the effective electromotive force, is the same at 
B and C, there will be no current through the galvanometer. The 
potential at each point will rise and fall equally as the battery current 
fluctuates, and consequently the variation in the current does not in- 
terfere with the measurement. We have only to adjust the resistances 
of a, 6, and c so that no current passes through the galvanometer, 
and then find the unknown quantity d in the above proportion. In 
simpler forms of the Bridge {B C is the " bridge " proper from which 
the apparatus takes its name), a straight wire of imiform diameter 
extends from A through B to D, while the point B on the wire from 
the galvanometer slides on this straight wire to vary the resistances 
of a and b. This variation is directly as the length of the segments 
cut off on each side by the sliding point B, and is shown by a scale 
immediately below the wire. 

Exp. 211. — Set up two gravity cells as directed in Exp. 191, as 
nearly alike in every respect as possible. Connect them in series 
through the sounder, allowing them to remain on the closed circuit 
over night that they may each be in good working order for the test. 
Disconnect from the soimder and connect the cells in opposition 
through the galvanometer, that is so that the current from each 
tends to flow in a direction opposite to that of the other. There 
should be no deflection of the needle. Connect a third cell passing 
its current through the two cells which now act as a passive con- 
ductor. Find the resistance of the two cells by substituting for them 
coils from the rheostat as in the last experiment. One-half of this 
is the resistance of one cell. Similar cells taken from any closed 
circuit may be used. 

To find approximately the resistance of any cell, take 
one-half of the resistance of two similar cells connected 
in opposition. Why not take the direct resistance of 
one cell as of any other conductor? The resistance 
of a cell becomes less, if its plates are made larger or 
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if its plates are brought nearer together. How would 
you prove this? Cells connected in multiple arc form 
practically one cell with large plates. 

Problem. — Find the resistances of the high resistance and the 
low resistance galvanometer, using a third and low resistance galvo- 
nometer for the purpose. 
As by Ohm's law 

if £ is constant C varies inversely as K. But C also varies as the 
tangents of the angles of deflection, therefore : — 

When the electromotive force is constant, the resistance varies 
inversely as the tangents of the angles of deflection. 

Stating mathematically for two resistances R and K' through which 
the same electromotive force has acted to produce deflections a and a' 
respectively, we have, 

R : R' : : tang, a' : tang, a, 

in which R and R^ are the total resistances external and internal of 
the respective circuits. 

Exp. 212. — Pass the current from two gravity cells used in Exp. 
211, through a given resistance (s) of the rheostat and the galvanom- 
eter whose resistance is known (g), and observe the angle (a) of 
deflection. Increase the resistance (s') in the rheostat and observe 
angle (a') of the deflection. Call the resistance of the battery x 
(unknown) and find the value of x in the proportion, — 

X + s + g : .T + s' + g : : tang, a' : tang. a. 

Compare this result with the former, when the resistance of these 
cells was determined by the method of Exp. 211. Expect to get 
only approximately similar results. [Section X., Appendix.] 

Exp. 213. — Pass a current from a gravity cell in good working 
condition, and whose resistance has just been determined, through 
the low resistance galvanometer. Note the deflection. Assuming the 
electromotive force to be one volt, compute the current that passes 
through the galvanometer. Find the tangent, and by a simple 
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proportion determine the tangent of the degree to which ^ of an 
ampere would turn the needle. From points laid ofif at this dis- 
tance successively along the 
tangent, Fig. 167, draw lines 
to the center of a quadrant 
graduated in degrees. The 
radius of the quadrant should 
be just equal to that of the 
circle beneath the needle of 
the galvanometer. Calibrate 
the galvanometer so as to 
read in quarter-amperes by Fig. 167. 

marking upon the circle be- 
neath the needle the figures in their proper places copied from the 
quadrant. This will show very rouyhly the current in amperes pass- 
ing through the galvanometer. A wire of i the resistance of the 
coil (approximately J the length of the wire and of the same size), 
shunted between the binding posts, will make the divisions of the 
scale show amperes instead of quarters, as by the law of shunts 
only I of the current will then pass through the galvanometer. 

A low resistance galvanometer calibrated to read 
directly in amperes is called an ammeter (ampere- 
meter). 

Any galvanometer used as an ammeter must have a low resist- 
ance that it may not introduce into the original circuit, the current 
in which it is desired to measure, any perceptible resistance. The 
second current (passing through the ammeter) must be practically 
equal to the first, as it is this first current that we wish to measure. 
The most accurate results are obtained when the deflection is be- 
tween 30° and 60°. In case of powerful currents the needle may be 
kept from too great a reflection by means of a properly adjusted 
shunt betw^een the binding posts of the ammeter. There are numer- 
ous kinds of ammeters. A form showing the force with which a 
piece of soft iron is drawn into a solenoid of coarse wire is often 
used in measuring powerful currents. (See Exp. 221.) 

Exp. 214. — Pass the current from one gravity cell through the 
low resistance galvanometer (ammeter). Afterward pass the current 
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from two cells coupled in series. Why is not the current twice as 
great as at first ? 

(6) Pass the current as before but through the high resistance 
(and long-coil) galvanometer. Why is the current the second time 
approximately twice as great as at first ? A comparison of R and 
r in the application of Ohm^s Law furnishes an answer. 

A very liigh resiotauce galvanometer may be used to 
measure eleetromotivo force (differences in potential or 
voltage). When such a galvanometer is calibrated so 
as to read directly in volts it is called a voltmeter, A 
high resistance galvanometer may be calibrated from 
one deflection given by a current of known electromo- 
tive force, the divisions being reduced by the law of 
tangents. 

The electromotive force of a battery may be determined by means 
of a galvanometer not calibrated in volts, a given cell being used as 
a standard. Let E be the electromotive force of the standard cell, 
and E' (unknown) that of the given battery. Pass the currents suc- 
cessively through th« rheostat and the galvanometer, adjusting the 
resistance in the rheostat so that the defiections shall be equal. 

E E' 

By Ohm's Law we have ^^^^ = j^. + r^ + „ * Making in our 

experiment R and R' (resistances in rheostat) large, g (resistance 
of galvanometer) being also large; rand r' (resistances of standard 
cell and of battery respectively) may be neglected. We have only 
to solve the equation, finding the single unknown quantity E as 
the electromotive force required. 

There are numerous forms of voltmeters. In those of the gal- 
vanometer type the coil usually has a resistance of from 2,500 to 
5,000 ohms. Of course the magnetic field produced by the current 
sways the needle alike in the voltmeter and the ammeter, but when 
E acts through a very large external resistance R, the current is 
affected very little by variations in r. In this case the current varies 
as E varies. This is easily shown by solving two problems under 
Ohm's Law, in which R is large (5,000), and the same in each case, 
and r is small, but different in each case. The quotient expressing 
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the amperes is practically the same. As any wire (or point) having 
a higher potential .than another wire or point is to this extent 
"charged," electrostatic voltmeters or electrometers may measure 
voltage. 




Exp. 215. — Examine an ordinary electric bell, tracing the current 
from one binding post to the other. Muffle the bell and watch the 
movements of the armature carrying the clapper, as 
the current from one Leclanche cell passes through 
the coil. 

The common electric bell is operated by a 
current which enters at one binding post, passes 
through the coil of the electromagnet E^ Fig. 168, 
thence to an insulated post P, thence to the spring 
A attached to the soft iron armature forming a part 
of the hammer, and thence out by the other bind- 
ing post. When the current passes, the armature is 
drawn forward (towards the electromagnet), causing the clapper to 
strike the bell. As soon as the armature is drawn forward the 
current is broken between P and -4; the spring S then draws the 
armature backward till the points again touch. These two move- 
ments are alternately repeated as long as the circuit is externally 

closed by the " push button." The points of 
RLtif^.M...A.^c^<w^i contact between P and A are made of metal not 

' easily oxidizable. Fig. 169 shows a push button. 

Pig. 169. Fig. 170 shows an insulated post. This is kept 

from touching the "bed-plate" by non-conducting washers b h\ 



Figr. 168. 



Exp. 216. — Arrange the wires from two Leclanche cells coupled 
in series so that by joining two free ends the bell will ring. Fasten- 
ing these ends about a half-inch apart, make a 
rough division of various substances into con- 
ductors and non-conductors by touching the two 
ends simultaneously with one after the other of 
the following: iron, tin, glass, silver, lead, wood, 
gutta percha, charcoal, paraffine, cork, bismuth, 
zinc, flesh, platinum, iron oxide, copper, copper 
oxide, porcelain, any metal not yet mentioned. 
Dip the ends into a bit of mercury, into water, into oil. 




Fig. 170. 
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No conductoi-s are perfect conductors. No non-con- 
ductors are perfect insulators. A current of very high 
potential would force itself through some of these sub- 
stances which you have pronounced non-conductors, 
and would ring the bell through them. For instance, 
the high potential current from the discharging Leyden 
Jar forced itself through flesh, which (with a testing 
battery developing an electro-motive force of only two 
volts), you have pronounced a non-conductor. [Section 
XI. Appendix.] 

Exp. 217. — Examine carefully a sounder with reference to giving 
and receiving signals upon it. Connect one pole of a gravity cell, or 
of two cells connected in series, to one binding post B, and touch 

the other post B' with the other pole, 
^ ^ immediately separating them again. 

, You hear two clicks close together. 



3 



~\ frAt^vw-i 



j£f^-^ 



.^^ p How are they produced ? Suppose a 



Fia 171. ®^"P ®^ paper were being drawn along 

regularly by clock-work under the 
screw by Fig. 171, as is done in recording instruments, you would 
have made upon the paper, a dot provided h were pointed. Touch 
the post again, but separate post and pole after about a second. You 

hear two clicks, but farther apart than 
before. If a paper were moving beneath b 
as before, a dash would be made upon it. 
S represents the spring, E the electromag- 
p. - „o ^6t> ^^^ -^ ^'^ armature. 

(6) Examine a key, noticing the insu- 
lated post P, Fig. 172, and the platinum point on top of it. This 
meets the platinum point above upon the "lever" when the lever is 
pressed down to close the circuit temporarily. Observe that, when 
more permanent closings are desired, they are made by a " switch " 
swimg over from the side. Arrange cell, key, and sounder in circuit, 
and signal in succession the letters of the alphabet. Notice that 
there is a " space " in c, o, r, y, z, and <fe. 




CURRENT ELECTRICITY. 



189 



MORSE'S ALPHABET. 



LETTERS. 


FIGURES. 


a . 


k 


u . . 


1 . 


b ... 

\j • • • 


1 


V . . . 

w . 


£ t m • . 
O . . . . . 


m 


d 


n 




Tk . • . • 


e . 


o , . 


y • • • • 


5 


f . . 


P 


z ... • 


6 


g 


q . . . 


oc . • • • 


7 _ .. 


h . . . . 


r . . . 




n . . T - 


i .. 


o • • • 




9 .. 


J . . 


t 








A sounder is an electrical instrument for receiving signals called 
dots and dashes without recording them. A dot is heard as two 
clicks close together, and a dash is heard as two clicks farther 
apart. 

A key is an instrument for conveniently closing an electric circuit 
manually. In telegraphing, the operator who wishes to send a mes- 
sage first opens the switch. A dot is made by pressing the " button " 
upon the lever, and immediately relieving it of pressure, thus closing 
the circuit for an instant only. A dash is made by keeping the 
button down, closing the circuit for a longer time. 

Note. — The pupil is advised to give no further attention to 
telegraphy than is necessary to understand the simple principles of 
the key, sounder, and relay. He should not attempt to memorize 
the alphabet unless he has special reasons for learning telegraphy. 
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It may be defined as a sonnder, whose arch and armature form the 
poles of another circuit. 

As used in telegraphy the relay (called also repeater) has a much 
higher resistance than an ordinary sounder, usually 150 ohms, while 
the sounder has only about 10 ohms. To set up two stations as 
represented, however, 30 ohm relays and 60 ohm sounders will be 
found best. In the schoolroom or laboratory it is not necessary to 
have very noisy sounders. This high resistance in them will prevent 
the local batteries from " running down " rapidly, and they may be 
used on a closed circuit for months without any care whatever. The 
main line cells act through the same resistance, as the current from 
them passes through both relays. It is not necessary to use relays 
on short circuits, but the main line current may be sent directly 
through the sounders. This, of course, does away with all local cir- 
cuits. The advantages of "grounding" the wire are two; viz., 
(1) It makes a large saving in the cost of construction, and (2) It 
decreases the resistance one-half, as the earth has practically no 
resistance. The comparisons of pumps to batteries, jiipes of flowing 
water supplied by these pumps to wires carrying currents, and the 
supplying lake of water to the earth, will show how any number 
of currents may be completed through the earth without confusion. 
Currents may also be completed through a common " return wire." 

Exp. 219. — Pass the current from several chromic acid cells con- 
nected in multiple arc, through a very short and fine piece of plati- 
num or iron wire. It should be raised to the white heat. Even if 
the cells are nearly exhausted, the temperature of the wire is sensi- 
bly raised, as may be shown by igniting a match or by touching with 
the finger. 

(b) Pass the current through a short, very fine wire made of 
fusible metal. [See Chemistry, Exp. 121.] A minute piece cut 
from a shaving of the metal will do. It melts, breaking the circuit. 

We may use an electric current so as to produce from 
it, as the chief result, heat. This is done by introdu- 
cing into that part of the circuit where heat is desired an 
appropriate resistance. We may explode gunpowder by 
thus heating a short piece of fine wire within it. Of 
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course the temperature is raised somewhat in all parts 
of an electric circuit because of the resistance to the 
current in all parts. 

Electric Welding, Electric Forging, and Electric Fur- 
naces for the reduction of ores are already economic 
successes ; and Cooking " by electricity " will doubtless 
soon be equally successful. Many metals which before 
had to be united by brazing can now be welded by 
electricity. A current of low voltage (3 volts and 
upward) and of great amperage (250 amperes and 
upward) is used. There is then no danger if the current 
is accidentally received by the operator. 

Short "safety fuses" are often placed in circuits to 
guard against the accidental passage of too great a 
current. These are easily replaced if melted or " burned 
out." 

Exp. 220. — Pass an approximately proper current through a 
2-candle power or a 4-candle power incandescent lamp. Examine 
also a regular 16-candle power lamp. 

(h) Pass the current from several chromic acid cells connected 
in series through two small sticks of charcoal as terminals, allow- 
ing the sticks to touch each other lightly. Examine also an arc 
lamp. 

The incandescent lamp contains a narrow strip of carhon (charred 
bamboo, cotton, etc.) enclosed in glass, from which the air has been 
exhausted. Why should the air be removed ? Incandescent lamps 
are usually set in multiple arc^ the maker marking upon them the 
diflPerence in potential (volts) between the leading wires to which 
they should be attached. With use the carbon becomes slowly disin- 
tegrated, the particles being deposited upon the glass. 

The arc lamp consists of two sticks of gas carbon connected to 
some feeding device. The upper carbon usually forms the positive 



194 ELEMENTS OF PHYSICS. 

pole. This pole being hotter, bums out faster and gives more light 
than the negative pole. When the lamp is not in use the carbons 
touch, but are separated when the current passes, the upper carbon 
rising to the proper distance as explained according to the Brush 
system, by Exp. 221 and Fig. 174. Arc lamps are usually connected 
in series. The whole cui'rent passes through each lamp, and its 
voltage must be great to overcome the great resistance of the lamps. 
It is therefore very dangerous to receive a shock from an arc-light 
circuit. Incandescent particles of carbon in the form of an arc 
between the sticks give name to this lamp. 

Exp. 221. — Pass a current from a chromic acid battery through 
a vertical coil containing many turns of No. 14 copper wire. Place 
a piece of soft iron (nail) about as long as the coil, end on, near 
the lower pole of coil. The iron should be drawn up into the 
coil. 

This principle is utilized in one form of ammeter, currents being 
measured by the force with which the soft iron is drawn into the 

coil. In the Brush system the carbons are 
kept at the proper distance apart on the 
same principle. Fig. 174 shows roughly 
how this is done. The upper carbon is 

1;^. . connected to the soft iron core C of the 

^ / coil of coarse wire through which the main 

^ current passes. At the instant the current 

- passes, the carbons are separated by the ris- 

ing of the soft iron. The sepaiation of the 
carbons increases the resistance in the main 
Fig. 174. circuit M M\ This sends more of the cur- 

rent over the fine shunt wire S S\ branch- 
ing off at A. This shunt winds about the soft iron in the opposite 
direction from the main current (winding only partly shown in 
cut), and unites at B with the main circuit again. The current; 
passing in the shunt weakens the field produced by the main cur- 
rent, since it passes in the opposite direction. This prevents the 
carbon from rising too much. Both currents are shunts to eacli 
other, but two currents are often conveniently distinguished as main 
and shunt. A clutch holds the upper carbon when it is in tlxe 
correct position, and this carbon is again and again released by t,lie 
action of the shunt as the sticks slowly bum away. 
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Exp. 222. — Fuse a short piece of platinum wire into one end of 
a fine soft glass tube about 6 cm. long by 3 mm. in diameter. Heat 
the end red hot and gently blow a bulb upon it. Fill the 
bulb and part of the tube with mercury by means of a 
funnel made of a short piece of large thin glass tubing 
drawn out fine. Set the bulb and lower half of the tube 
into water at 45°. Inserting a wire above (almost any 
wire free from oxide will do instead of platinum), push 
it down so as just to touch the mercury, remove and 
quickly fuse the tube at the top with a blowpipe. You 
have made a thermostat. 

( 6 ) Connect a Leclanche battery X, a bell B, the ther- FigT 176 

mostat r, and an annunciator as in Fig. 176. This 

form of annimciator consists of three 

essential parts, an electro-magnet E^ 

a catch-le'cer supported horizontally 

by a pin and carrying the armature 

A, and a drop D. Heat gently the 

thermostat. The bell rings, and the 

drop falls as the thermostat closes 

the circuit. 
Fig. 176. 

Thermostats are used to announce 

through a bell and aiinnnciator the breaking out of fires, or the 
fact that any given space has reached any predetermined temper- 
ature. They are " planted " in the holds of steamships, and are so 
connected that the pilot has notice at once of a fire and its location. 
If the thermostat of Fig. 176 is changed to a push button, the 
arrangement of annimciators for hotels is shown. The circuits 
through all the push buttons or thermostats return over a common 
wire. Annunciators contain from two "to several hundred drops. 
Thermostats may be placed on closed circuits, or may carry a spool- 
shaped metallic float, the upper connecting wire entering between 
the end disks of the spool. Such instnmients announce that the 
temperature has fallen to a predetermined point. 

Note. — Electrical devices are becoming more numerous every 
year. It would be out of place in a text-book to attempt any enu- 
meration of them. The above instruments will serve as type-devices. 
A few others will be mentioned under " Induced Currents." 




196 ELEMENTS OF PHYSICS. 

Exp. 223. — Bore two small holes through the hottom of a glass 
dish, Fig. 177, by means of a small rat-tail file wet with turpentine. 

Through these pass two platinum wires, and wax 
^ 2 the wires firmly about the openings to hold them 
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and to prevent leakage. Fill the dish with water 
acidulated with sulphuric acid to render it a better 
conductor. [Section XI., Appendix.] Hang two 
test tubes filled with water over the ends of the 
Fig. 177. wires, and sustain the tubes by screw-eyes previ- 

ously waxed to the bottom of each. Pass through 
the water the current from two or more chromic acid cells connected 
in series. Bubbles of oxygen rise from the positive pole or electrode, 
and twice the volume of hydrogen rises from the negative electrode. 
We may consider that there is a progressive decomposition of the 
water (HgO), the oxygen being negative, going to the positive elec- 
trode, and the positive hydrogen going to the negative electrode 
according to the law of electrical attraction. Cover the mouth of 
the hydrogen tube with the thumb, invert and ignite with the flame 
of a match. Plunge into the oxygen a live coal upon a fine splinter 
of wood. Oxygen being a vigorous supporter of combustion, re- 
kindles the splinter. [See Chemistry.] 

The process of separating a chemical compound by an 
electric current passed through it, is called Electrolysis. 

The liquid decomposed by the current is called the electrolyte. 
The radicals (elements or groups of elements) into which the elec- 
trolyte is decomposed are called i'ons. The positive ion is called the 
kathion and the negative ion the anion. The electrode (connected 
to the positive plate of the battery) to which the kathion goes is 
called the kathode, and that to which the anion goes, the anode. The 
amount of decomposition is proportional, other things being equal, 
to the strength of the current passing through the electrolyte. An 
electrolytic cell employed for measuring currents forms a sort of 
ammeter called a voltameter (not to be confounded with voltmeter). 

Exp. 224. — Dissolve a small quantity of potassium cyanide (very 
poisonous) in a little water. Divide into two parts. To the first 
add silver nitrate solution precipitating part of the silver as silver 
cyanide. Filter, wash with a little water, and dissolve all of the 
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silver cyanide that you can in the second portion of the potassium 
cyanide solution, stirring with glass rod. Place this last solution in 
a small beaker, and obtaining a globule of pure silver by fusing silver 
chloride and sodium carbonate together upon charcoal (Chemistry, 
Exp. 113), flatten and elongate this globule upon a clean anvil. 
Placing this silver in the solution as the positive pole of a chromic 
acid battery and a clean copper wire as the negative pole, pass the 
current through the electrolyte. The wire is plated with silver. 

(b) Examine an electrotype plate from a series of which the ordi- 
nary school text-book is printed. 

Electroplating is the process of covering any con- 
ducting surface with some metal deposited from a solu- 
tion of its salt by means of an electric current. The 
substance to be plated (for obvious reasons) is placed 
upon the negative pole. 

The progressive decomposition through the electrolyte, when the 
bath is a solution of silver cyanide ( Ag CN ), may be represented 
by Fig. 178. Silver cyanide is continually 
formed by the union of the radical CN, set 
free at the positive electrode with the silver 
forming this electrode. The strength of the 
solution is thus kept constant, and as much 
free silver is deposited upon the copper elec- 
trode as unites with the cyanide radical from «. * „« 
the silver electrode. Compare Figs. 178 and 

148. The metals most commonly employed for the purpose of plat- 
ing other metals are copper, nickel, silver, and gold. The bath in 
each case is of course a solution of some salt of the given metal. 
Many alloys of base metals are first plated with copper before being 
plated with the desired metal. 

Electrotyping is a species of electroplating. The 
process is as follows : — 

(1) The type is set. 

(2) An impression is taken upon wax. 
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(3) The letters in depression in the wax are 

covered with powdered graphite, thor- 
oughly tamped into every minute space. 
Graphite is a good conductor; wax is 
not. 

(4) The wax is then hung upon the negative 

pole in a bath of copper sulphate and the 
circuit closed. 

(5) When the shell of copper is sufficiently 

thick, it is removed and supported by 
metal on the reverse side. 

(6) The plate is then mounted on wood to the 

height of the type. 

Note. — Stereotyping, though mechanically similar in some of 
its processes to electrotyping, involves the use of no electricity 
whatever. 

Exp. 225. — Set two strips of lead, the more oxidized the better, 
into a strip of wood, B, Fig. 179, and immerse in very dilute sul- 
phuric acid. Pass a current for a few minutes 
from a chromic acid battery (several cells in series) 
through the cell, as shown. The plates, which at 
first were each equally covered with lead oxide 
( Pb O ), gradually assume the condition shown. 
The oxygen passes to the positive plate (electrode), 
changing the lead oxide upon it to lead dioxide 
( Pb 0.2 ), while metallic lead is left and deposited 
upon the negative plate. There are intermediate and subordinate 
reactions which need not be mentioned. Hydrated lead sulphate 
formed in charging renders the liquid milky. Notice the difference 
in luster of the plates. Disconnect the battery from the cell. You 
have a storage cell charged. Connect the wires of this cell to the 
binding posts of an electric bell. It rings. Pass the current through 
a galvanoscope (or galvanometer), and prove that the discharging 
current is in the opposite direction from the charging current. Place 
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the cell on a closed circuit, and observe that, as it discharges, the 
oxygen returns to what is now the ponitive plate of the cell, as 
shown by the change in luster. 

A Storage Cell, called also a secondary cell in distinc- 
tion from the ordinary Voltaic cell, which is called a 
primary cell, is an electrolytic cell, and is charged by 
electrolysis. 

Tbe storage is of potential energy and not of electricity. It is as 
though the oxygen were " lifted np," so to speak, from one plate to 
the other, and gaee out energy in returning somewhat as a stone 
lifted up would do. The chemicals of the cell, in returning to their 
former condition, give out the same electrical energy that was used 
in decomposing them. We can not recover/or us^ulwork allot this 
energy. If the efficiency of a storage cell is 80 per cent, it will 
return 80 per cent of the electrical enerey used in charging the cell. 
In a cell 8 in, X 8 In. X 8 in. there may be stored enei^ equivalent 
to one horse power working for one hour. 

Fig. 180 shows a strong plate manufactured by the American 
Battery Company. The plate is composed of a stout lead frame 
upon which are curved strips of sheet lead in 
such a way that there is room for expansion 
without "buckling" when the plates are 
"formed" (chai^d). Many positive and 
negative plates are set alternately into a sin- 
gle cell, the positives being connected above 
on one side, and the negatives on the other. 
This makes the internal resistance a minute 
traction of an ohm. The electromotive force 
of such a cell is about 2 volts, and the cui^ 
rent, when connected by a coarse, short wire. Tig. 180. 

about 1,200 amperes. Some storage plates 
have oxides of lead applied to them before they are charged. 

Ekp. 226. —Examine a worn out dry cell, cutting out part of the 
material between its plates. Place a piece of wet blue litmus upon 
the material. 

The so-called " dry cell" is only a cell in which the liquid has 
been absorbed hy some solid material placed between the plates. It 
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may be a primary cell or a secondary ceil as the maker wishes. 
Dry cells have not been sufficiently perfected, so that their durability 
can be relied upon. They are very convenient for temporary use on 
oi>en circuit in portable apparatus. 

Exp. 227. — Bend two pieces of uninsulated copper wire (No. 18), 

about 3 dcm. long, each into the shape shown in Fig. 181. By 

threads about 5 dcm. long suspend each wire 
parallel to the other. Let the ends MM' 
dip into four little cavities cut with a half- 
inch chisel in a smooth board upon which is 
mounted the support for the threads. Fill 
each cavity with mercury. Let the two at 
the. end M be as close together as possible, 
only a thin layer of wood separating them. 

Make the same true of the two at M\ Place the wires about 5 mm. 

apart. Standing at the end M looking along the paralled wires, con- 
nect by a long bent wire }f^ the left hand 

cup of mercury at M with the right hand 

cupatJf'. Drop the zinc of a /r6«/i chromic M| 

acid cell, and connect the poles of the cell 

to the two remaining cups of mercury as 

shown in Fig. 182. Observe any movement 

in the suspended wires. 

(b) Remove the wire W and connect the two cups at M' by a 
short bent piece of copper wire. Place the parallel wires about 
1 mm. apart, but not anywhere touching. Drop the zinc of the cell 
and place the poles in the two cups at M, Observe any movement 
of the suspended wires as before. 

Conductors carrying parallel currents running in the 
same direction attract each other. Conductors carrying 
parallel currents running in opposite directions repel 
each other. Two intersecting conductors carrying cur- 
rents tend to rotate till they become parallel with 
the currents flowing in the same direction. A study 
of the force lines about each wire will explain this 
action. 
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INDUCED CURRENTS. 

Exp. 228. — Roll up a piece of thin cardboard Into a hollow 
cylinder about 6 cm. long with an inside diameter of about 1 cm. 
Clip one end with the scis- 
sors, and spreading out the 
segments fasten them with 
brass tacks so as to hold 
the cylinder, O, Fig. 183, 

upright upon a board about 1 m. long by 1 dcm. wide. Prom the 
binding post B (which may be simply a brass tack), wind several 
hundred turns of a very fine insulated copper wire (No. 30) about the 
cylinder as regularly as possible. Bring the wire to the binding 
post BK Connect these binding posts to a delicate gavanoscope 
G. This may be made by mounting the needle shown In Fig. 141 

In a thin case of wood chiseled out of wood. 
The glass tube 6, Fig. 184, should rise from 
the center of the thin-walled wooden frame. 
About this some three hundred turns of the 
fine wire should be wrapped longitudinally. 
Wind the wire half on each side of the glass 
tube, ^his will help hold the tube In position. 
It is best set with the untwisted silk fiber 
within, the needle being attached and raised 
to its proper position after the wire Is wound. 
Magnetize strongly a steel rod, loosely fitting 
into, and a-bout a third longer than the cylindrical coil. Plunge this 
magnet suddenly, with its positive pole downward, into the coll, and 
observe the direction In which the needle turns, and that the direc- 
tion of the induced current is anti-clockwise In the coll as shown by 
the arrow No. 1. Does the needle remain deflected while the mag- 
net stands quietly within the coll ? 

(6) Suddenly withdraw the magnet, and observe that the Induced 
current passes clockwise in the coll as shown by arrow No. 2. [The 
needle of the galvanometer must be far enough away so that It may 
not be directly Influenced by the movements of the magnet.] 

When the force lines which pass through a closed 
coil are increasing^ an induced current passes anti-clock- 





Fig. 184. 
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wise in the coil, the observer looking in the direction of 
these force lines. 

When the force lines which pass through a closed 
coil are decreasing an induced current passes clockwise 
in the coil, the observer looking in the direction of the 
force lines. 

When the force lines threading the coil are not vary- 
ing, no current passes. 

We may just as well vary the number of force lines threading the 
coil by moving the coil as by moving the magnet. It is a little more 
convenient in studying the law of direction for induced currents to 
keep the coil stationary, but most machines for producing induced 
ciurents move the coil to vary the force lines within it. 

Exp. 228. — (c) Suddenly plunge the negative pole of the mag- 
net into the coil, and see if the rule applies. Imagine yourself 
looking upward in the direction of the force lines threading the 
coil. 

(d) Suddenly withdraw the negative fiole, and apply rule. 

Exp. 229. —Stand a coil of No. 16 wire into the coil of Fig. 183, 
and connect with this inside coil a chromic acid cell in such a way 
that when the current passes it will make the polarity of the lower 
end of the coil positive. Drop the zinc plate of the cell, and observe 
the needle of the galvanometer. Apply the rule for the direction of 
induced currents. 

(6) Suddenly disconnect the wires, and observe that the needle 
swings in the opposite direction. 

(c) Connect and disconnect, making the lower pole of the coil 
negative. Imagine yourself looking upward in the direction of the 
force lines when applying the rule. 

{d ) Fill the inner coil with soft iron wire, and observe with how 
much more force the needle turns. Does the needle remain deflected 
while the current continues to pass or after the current has fully 
ceased passing ? Observe that when the force lines are increased the 
current in the outer coil passes in the opposite direction from that in 
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the inner coil. When a current is used as the source of the induced 
current, it is more convenient and suggestive to use the terms indi- 
rect and direct for anti-clockwise and clockwise. 

We have for induced currents in coils this general 
Law of Direction. When the force lines threading 
the coil are increasing^ the induced current in the coil is 
anti-clockwise or indirect. When the force lines threading 
the coil are decreasing, the induced current in the coil is 
clockwise or direct. 

Exp. 230. — Connect a coil C having a soft iron core, a galvanom- 
eter or galvanoscope G; and a cell as in Fig. 185. Observe which 
way the needle turns. Push the needle back to and place some 
obstacle to prevent its turning in the 
same direction again. Suddenly dis- 
connect one wire at the cell, and 
observe that the needle turns tem- 
X)orarily in the opposite direction. 

(6) Remove the galvanometer, and, connecting and disconnect- 
ing again, notice that there is no spark when you connect, but a very 
bright spark when you disconnect. 

Self-induced currents are called Extra Currents. The 

extra current induced on closing a circuit flows in 
the opposite, direction, and tends to oppose or retard 
the current. The extra current induced on breaking 
the current flows in the same direction as the original 
current, and tends to prolong and strengthen it. 

Notice in the cut that when the circuit is broken at the cell the 
extra current flowing in the same direction in the coil will pass in 
the opposite direction through the galvanometer. The greater the 
number of turns of wire in the circuit the greater will be the extra 
current. Pendent gas burners utilize the spark produced by a 
"spark coil" set directly into the circuit with from four to six 
Leclanche cells. 
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Exp. 231. — From a binding post JB, Fig. 186, carry an insulated 
wire (No. 16) to the bottom of an insulated post P (similar to that 

in the electric bell.) Arrange a light 
S S' armature upon a spring, forming a " circuit 

/ Y , breaker " C (similar to the hammer of the 

lC^A,V^A.v^ ?^ i^" ^ electric bell, only very much lighter and of 

W \1 1 the shape shown). From C carry the wire 

Ci 1---^— -B around (two layers) a close bundle of soft 
^qL iron wire W about 8cm. long. Bring the 

wire back to the binding post B\ Around 
this primary coil of coarse wire wind a secondary coil of very fine 
insulated wire (No. 24 to 30), Make several hundred turns, and 
fasten the ends to the side poles 8 S\ Fasten two very small tin 
cans, one each to 8 and S\ by means of wires soldered to the cans. 
Arrange platinum contact pieces at A, and adjust the screw so that 
the "circuit breaker" will vibrate rapidly when B and B^ are con- 
nected in a circuit with one chromic acid cell. Take hold of the tin 
handles attached to S -S', and connect the circuit through B and B' 
from the cell. 

An ordinary Induction Coil is an apparatus for con- 
verting by means of induction, a current of low electro- 
motive force or low potential passing through a small 
resistance, into an alternating current of high potential 
passing through great resistance. This secondary cur- 
rent has a much greater physiological effect than the 
primary. Why ? 

On coils used for medicinal purposes are often as many as ten or 
more '*side" binding posts. The first and second are shunted or 
connected respectively to P and C. When the handles are con- 
nected to these posts the body receives only the "extra current" 
from the primary as the " circuit breaker " breaks the circuit, just 
as the galvanometer did in Fig. 185. The secondary wire starts at 
post No. 1, is wound part way on, is returned to No. 3, wound again 
and returned to No. 4, and so on to No. 10. Why is the effect 
greater if we receive the current through 1 and 10 than when we 
receive it through 1 and 3 ? 
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Exp. 231 (6). Pile up in a small shallow box alternate layers of 
tinfoil 8 X25 cm., well separated by paraffined paper of larger size. 
This paper must be without blemishes or holes 
through which electrical contact could take 
place. Let the odd numbered sheets of foil 
project about 4 cm. on one end, and the even 
numbered the same distance on the other end 
of the paper. Set a binding post through the 
sheets at each end, and connect wires P* and Wis. 187 

C, Fig. 187, from them to P and C respectively 
in figure 186. This box forms a Leyden jar or condenser. [See 
Exp. 167 and comments.] Connect to S and S' each a short coarse 
wire, and bring the blunt, smooth ends within about 3 mm. of each 
other. Now pass the primary current, and observe the sparks that 
pass through the air between the coarse wires. This shows the very 
high potential of the secondary current. 

Induction coils such as have been described with or without con- 
densers are often called Rnhmkorff Coils. With the condenser 
they are often colloquially called " spark coils." They must, how- 
ever, be carefully distinguished from the "spark coil " upon the 
primary (C, Fig. 185), which gives its spark by self-induction, and 
is utilized in the circuit of the pendent gas burner. In "multiple 
electric gas lighting," RuhmkorfF coils are usually employed instead 
of static electrical machines to force the ciu*rent across the high 
resistance of the gas jets, producing in the gas (dielectric) a spark 
which ignites it. Indeed, the induction coil proves that current 
electricity of very high potential is identical with static electricity. 

Exp. 232. — Ignite a gas jet, perforate a card, make a Geissler's 
tube glow, and perform other so-called static electrical experiments 
with the high potential current from the induction coil. 

Induction coils have been made containing from three hundred 
to five hundred miles of wire in the secondary coil, and giving 
sparks forty inches and more in length. Transformers are "in- 
verted " Ruhmkorff coils in which the primary wire is long and fine, 
and the secondary wire is short and coarse. By means of trans- 
formers alternating currents of high potential (from an alternating 
dynamo) and small current strength may be transformed into cur- 
rents of great strength having small difference in potential. 
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Exp. 233 — Between the poles of a bofseslioe electromagnet, 

Fig. ISS, moont delicately a piece of soft iron upon a horizontal 

axis as sbown by modl- 

^ fled and superimposed 

of the two brass semi- 
rings insulated from the 
axle, and shown in the 
front section, carry an 
insulated wire (No. 24) 
about the soft iron mak- 
ing the upper end a neg- 
ative pole. If the current 
should enter through the 
upper semi-ring or seg- 
ment. Return the wire 
to the other semi-ring 
r' after wEudlng prop- 
erly about the lower 

end. [These insulated 

Fig. 188. segments form the coni- 

, mutator. The rotating 

coil with its soft Iron core Is called the armature. The fixed elec- 
tromagnet is called the field magnet]. At 6 and ft" fasten copper 
strips or ftraaftes reaching to the commutator as shown. Connect 
b to B and 6' to II'. Lift one of the brushea, so as to break the 
shunt circuit through the armature, and pass the current from one 
chromic acid eell around the field magnet in the direction of the 
arrows. Disconnect the ei'll. A little residual magnetism r 
in the soft iron core of the field magnet, t'onnect B and if U 
delicate galvanoscope, Fig. 184. With the finger whirl the ai 
Id the direction of the two curved arrows, observing the direction of 
the current through the galvanometer. Now turn the armature 
slowly one-quarter of the way around at a time, and apply the rule 
for the direction of induced currents to the coil of the armature. 
Consider the force lines from the field magnet as running horizon- 
tally. Notice that while the current is alternating in the armature, 
it is made to run continuously in the same direction through the 
brushes and around the field magnet by means of the commutator. 



CURRENT ELECTRICITY. 207 

Does the current pass in the same direction over the wire h B' as 
represented by the arrow or in the opposite direction ? Your appa- 
ratus is a dynamo with two-poled armature. [The commutator seg- 
ments for the best results need to be adjusted by twisting slightly to 
the right. See Appendix, Section I, 18.] 

A Dynamo, or Dynamo Electrical Machine is a 
machine for transforming mechanical energy into elec- 
trical energy by means of magneto-electrical induction. 

There are a great many kinds of dynamos.* A dynamo with two- 
poled armature would be practically worthless because of its low 
efficiency. Ours is a shunt or shunt-wound dynamo. If we should 
disconnect B from 6, and should carry the wire emerging from the 
coil of the field magnet at E back to 6, as shown by the dotted line 
(instead of carrying it onward to 5'), we should have a series wound, 
or a series dynamo. Were the two segments of the commutator in- 
sulated, entire rings side by side, the field magnet being either a 
permanent magnet or a " separately excited " magnet (that is, mag- 
netized by some other current than the current from the dynamo), 
we should have an alternating current dynamo. The old-fashioned 
magneto-electrical machine is an alternating current dynamo. Com- 
pound wound dynamos are also used. 

Exp. 234. — Pass a current from one chromic acid cell in at B and 
out at B'. The armature should whirl rapidly in the direction of the 
curved arrows. Why ? Explain by using force lines. The explana- 
tion from the polarity of the soft iron is easier, but not so useful in 
helping to an understanding of an ordinary dynamo or motor. 

(6) Reverse the current. The armature still whirls in the same 
direction. Why ? 

(c) Connect B and 6', also B' and 6, reversing the current through 
the armature but not through coil of the field magnet. 

A Motor, or an Electro-Motor, is a machine for trans- 
forming electrical energy into mechanical energy by 
means of electromagnetic induction. 

A dynamo may be used as a motor or a motor as a dynamo. 
There are, however, dififerences in detail according as a machine is 
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to be used as a dynamo or motor. Motors, of course, may be ahunt 
or 8€rie8, A motor with a two-poled armature would possess no 
practical value, because of its low efficiency as written above. 

Exp. 235. — Examine a large dynamo as to the following details, 
some of which may be obtained from the electrical engineer : — 
(1) Winding of the armature. (2) Revolutions per minute of the 
armature. (3) Shunt or series wound? (4) Difference of poten- 
tial between its terminals. (5) Resistance between its leading 
wires. (6) Current which it maintains. (7) Rate of development 
of energy (horse-powei). 

The unit of electrical power is the Watty or volt-ampere. It is 
the power developed when a current of one ampere flows with an 
electromotive force of one volt. A current of 3 amperes flowing 
with an electromotive force of 2 volts would give 6 watts. 

The equation for electrical power is : — 

C E = W (watts) 

Substituting from the equation representing Ohm's Law, we have 
as other convenient equations, 

C2R = W 



We also have, 



R~^ 



746 watts = 1 horse-power. 
1,000 watts = 1 kilowatt. 



The dynamo has generally replaced all other " gen- 
erators " of electricity in furnishing the current for 
motors, electric lighting, electroplating, charging sto- 
rage cells, etc. Its introduction has caused a somewhat 
similar revolution to that brought about by the intro- 
duction of the steam engine. 

Note. — The wires leading from an electric generator (dynamo in 
motion, Voltaic cell, etc.), have electrostatic charges even before the 
poles are closed. The identity of current electricity and static elec- 
tricity is shown by the measurement of the potential of such wires 
by an electrostatic voltmeter, that is, by an electrometer. We are 
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now prepared to see that there is but one electricity. Current elec- 
tricity developed by Voltaic cells was formerly called Voltaic or Gal- 
vanic electricity. 



THERMO-ELECTRIC CURRENTS. 

Exp. 236. — Take a strip of sheet copper about 3 dcm. X 2 cm. 
Mount this upon a similar strip of zinc by bending together the 
ends, making a firm contact. Leave the two strips in the form of a 
parallelogram, whose opposite and longer sides are about 1 cm. 
apart. Mount a long and light needle between the two strips, and 
place the parallelogram in the magnetic meridian. Heat one of 
the junctions. 

If a circuit be made of two metals, and one of the junctions be 
heated, a current of electricity will pass in the circuit. The metals 
which will best give this current are antimony A 
and bismuth B. Fig. 189 shows bars of these metals 
alternately arranged soldered at the points of con- 
tact. If the lower joints be heated as shown, a 
current passes in the wire from the antimony to the 
bismuth if the circuit be closed. Such an arrange- 
ment is called a Thermo-pile instead of a thermal 
battery. Its efficiency being only about 20 per cent, 
the principal use of the thermopile is as a differen- 
tial thermometer. Very many bars are often used. 
The . direction of the current when the junctions 
opposite the wires are heated, is easily remembered by the order of 
the letters. Of course, if this junction is cooled the current is re- 
versed. The apparatus will show very slight changes of temperature 
by being connected with a delicate galvanoscope. 




Heat. 

Flgr- 189. 



QUESTIONS. 

1. If 10 cells, each having an E. M. F. of 1.5 volts, and a re- 
sistance of .6 ohms, be connected in series through an external 
resistance of 4 ohms, what will be the current ? 

2. If the same cells are connected in multiple arc through a 
resistance of .1 ohm? 

3. If the same cells are connected, two multiple groups in series ? 
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4. Fifty incandescent lamps, each witli a resistance of 100 ohms, 
hang in multiple arc between two leading wires. What is the com- 
bined resistance between the " leads" ? 

5. There are three separate resistances between two leading wires 
of 60 ohms, 20 ohms, and 5 ohms respectively. What is the com- 
bined resistance ? 

6. A galvanometer has a resistance of 100 ohms; what must be 
the resistance of the non-magnetic coil shunted between its binding 
posts that one-fifth of the current may pass through the galvanom- 
eter? 

7. Define constant battery, Voltaic cell, polarization, resistance, 
volt, ohm, ampere, watt, galvanoscope, residual magnetism, series, 
multiple arc, shunt current, conductivity, rheostat, potential, am- 
meter, relay, storage cell, induced currents. 

8. What is the " Right Hand Rule '' for a single wire ? (b) For 
a coil ? 

9. A current of 372 amperes flows under an E. M. F. of 8 volts. 
How many horse-power is developed ? (6) How many if the cur- 
rent is 8 amperes and the E. M. F. is 372 volts. 

10. The combined resistance of three shunts is two ohms. The 
resistance of the first shunt is 4 ohms, of the second 5 ohms. What 
is the resistance of the third ? 

11. What are non-magnetic coils, and where are they used ? 

12. What advantage has the Wheatstone's Bridge over the rheo- 
stat ? Explain. 

13. What other term have we for effective E. M. F. ? 

14. How would you connect two gravity cells having each an 
internal resistance of 10 ohms to get the greater current through 
an external resistance of 60 ohms ? 

15. Draw a plan for ringing, from room A, a bell in room B. 
(6) Set one bell [diagram] in each room, and connect so that push 
button in A rings bell in B, and button in B rings bell in A. Use 
one battery, only three connecting wires, and do not allow both 
bells to be rung by one button. 

16. Connect two thermostats with battery bell, and two "drops" 
of the annunciator, showing plainly the connections. 
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17. Why is a storage cell called a "secondary cell" ? (6) Why 
is a cell confessedly moist, called a " dry cell" ? 

18. Why will a given current passed over or under a magnetic 
needle at right angles not move the needle ? (b) Will a current at 
right angles ever move the needle ? Explain. 

19. Mention five experiments upon which the comments exceed 
the proof offered in the experiment. (6) Five in which the experi- 
ment suggests to you other and further comment. 

20. Mention a good experiment which you have performed, or 
which you have found in some other text-book, that might be sub- 
stituted for one used in this chapter. 

21. Taking the definition of the ohm as given in this book, what 
is the resistance of 1000 m. (1 kilometer) of copper wire 1 mm. in 
diameter ? (b) Of 6 kilometers 4 mm. in diameter ? [The resistance 
is inversely as the cross section, or inversely as the square of the 
diameter.] 

22. Taking the specific resistance referred to copper [Note, Sec- 
tion XI., Appendix], what is the resistance of 2 kilometers of iron 
wire 6 mm. in diameter ? (b) Of 500 m. of German silver wire 
.2mm. in diameter ? (c) Of 100 m. of platinum wire .5mm. in 
diameter ? (d) Of a brass rod 5m. long and 3 mm. in diameter ? 

23. A 60-ohm sounder is wound with copper wire .2mm. in diam- 
eter. How long is the wire ? 

24. A wire whose specific resistance referred to copper is 3, has a 
resistance of 10 ohms and a length of 1 kilometer. What is its 
diameter ? 

25. A galvanometer of 5000 ohms resistance Would require how 
long a German silver wire .1mm. in diameter ? 
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CHAPTER XVI. 
LIGHT. 

Note. — The word "light" is used in Physics in two senses: 
(1) as the direct cause of the sensation, and (2) as the effect or sen- 
sation. If the irregular molecular motion in a body emitting radiant 
energy is smaller, the energy manifests itself to the senses as heat. 
If this motion is greater it is manifested as light, heat being always 
present with light, but not vice versd, [See Kinetic Theory of 
Heat.] Bodies at or above the red heat emit light, that is, produce 
radiant energy capable of causing the sensation of light. Bodies 
which are sources of light are called self-luminous, or simply lumi- 
notts. Examples of these are the sun, the fixed stars, white-hot par- 
ticles in flame, and white-hot bodies, large or small, anywhere. Such 
bodies produce the vibratory motion called radiant energy in the 
ether about them ; and the ether, which is supposed to fill all space, 
even the intermolecular spaces in the most dense bodies, communi- 
cates this vibratory motion outward in all directions. This radiant 
energy is partly absorbed by ponderable bodies (principally as heat), 
is partly reflected, and is often partly transmitted to the ether 
beyond. A single line or ray of light coming to us from the sun 
may be thought of. as vibrating in segments at right angles to its 
direction, and progressively from one end (the sun) to the other 
(the earth). This vibration might be compared to that of a vertical 
line of molecules in jelly after the top of a tall jelly-dish has received 
a " complex jar." The vibrations in the ether which produce the 
sensation of light are more like those of a highly elastic solid body 
than like those transferred by a fluid. Lines of radiant energy 
manifesting itself as heat may be conveniently spoken of as " heat 
rays." 

Considered separately, that department of Physics 
which treats of light is called Optics. In the causative 
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sense, light may be defined as a vibratory motion in 
ether capable of affecting normally the optic nerve. 

A ray of light is a single line of light. A beam of light is a col- 
lection of several parallel rays, and a pencil of light is a collection 
of rays converging to, or diverging from, a point. Hays from the 
sun are sensibly parallel at the earth. 

Exp. 237. — Obtain a piece of ordinary window glass, a piece of 
ground glass, and a thick piece of mica (or three other bodies of 
which these are types). Try to look through each at the flame of a 
candle. Cleaye off as thin a piece of mica as possible, and look 
through it. 

Transparent bodies transmit light readily, translucent 
bodies less readily, and opaque bodies do not transmit 
any Jight. Transparent substances, if very thick, be- 
come translucent. Translucent substances, if very thick, 
become opaque. Opaque substances, if very thin, be- 
come translucent, or even transparent. No line can be 
sharply drawn between these three kinds of substances. 
[Bodies transmitting " heat rays " readily are called 
diathermanous. A clear crystal of common salt is one 
of the most diathermanous substances known. Bodies 
like alum, glass, water, ice, etc., which do not transmit 
radiant heat readily, are called athermanous. See com- 
ments. Exp. 148.] 

Exp. 238. — Darken the room, and admit a beam of light through 
a small opening. Observe its path as traced by the dust. Notice 
that nothing can be seen between the particles of dust, though this 
space is filled with light, (h) Look into one end of a small, bent 
rubber tube, while the other end points towards the window, or 
towards illumined objects. Nothing but darkness is observed. 
Straighten the tube. Light and the objects from which the light 
comes are seen. To render an object visible, light from that object 
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must enter the eye. To produce normally the sensation of light, 
rays must enter the eye. A ray of light, crossing a dark and dust- 
less room, looked at from the side, would he inyisihle. 

In a homogeneous medium, Light travels in straight 
lines. 

Exp. 239. — Suspend a smooth hall ahout 4 cm. in diameter on a 
level with the flame of a very small candle, and receive the so-called 

^ *' shadow " (which is really the sec- 
''' jB tion of the shadow) upon a paper 
screen. Observe that there is a darker 
center, A, Fig. 190, with a lighter 
I)ortion, B B\ surrounding it. Make 
several pin-holes in the screen, some 
in each portion of the section of the 
shadow, and look backward through 
them at the luminous body, that is 
at the flame. It is invisible from 
any portion of Aj but is partly visible from any portion of 
BB\ 

A shadow is the space from which the rays of light 
from a given luminous or illumined body are wholly 
or in part shut out by the interposition of an opaque 
body. That space from which all the rays are excluded 
is called the umbra, and that from which only part of 
the rays are excluded is called the penumbra. Shadows 
are geometric solids, and are to be thought of as having 
three dimensions, and not as measured by "square 
measure." 

If the luminous body were a point, how would it affect the penum- 
bra ? The sun is very many times as large as the moon. What is 
the shape of the moon's umbra ? 

Velocity of Light. Roemer, a Danish astronomer, 
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first determined the velocity of Light. He found it to 
be about 186,000 miles per second. 

In Fig. 191 let J represent Jupiter with the nearest of his four 
large moons. This moon is eclipsed (passes behind Jupiter) at each 
revolution. Roemer found that if he be- 
gan the measurements when the earth £' 
was at^, nearest to Jupiter, the inter- y^ K 
vals of time between successive eclipses -«/ ^ \ 
increased very perceptibly till, when the V / Cs 
earth reached W\ farthest from Jupiter, \ ^ ^ _ 
the sum of the "increases" was about £•*• 
16.5 minutes. From E" around to E Fig. 191. 
again the intervals decreased till the 

sum of the " decreases" was equal to about 16.5 minutes. He then 
came to this conclusion, that it took light 16.5 minutes to cross the 
earth's orbit from E to E\ a distance of about 185,000,000 miles. 

Improvements in mechanism, by which exceedingly short intervals 
of time may be measured with accuracy, have enabled physicists not 
only to confirm Roemer' s conclusions as to the velocity of light in 
space, but to determine its velocity in different media. For example, 
light travels more slowly in water and in glass than in air, and more 
slowly in air than in a vacuum. The latest investigations make the 
velocity of light in vacuo about 186,330 miles or 299,860 kilometers 
per second. 

Exp. 240. — Close one eye and hold a pencil vertically a short dis- 
tance from the other eye. Move the pencil away till it is held at 
arm's length. Observe whether the lines drawn from the extremities 
of the pencil to the eye make a larger or smaller angle at the eye. 
(b) Hold the pencil stationary at arm's length, and look at it first with 
one eye and then with the other. Observe the two positions upon 
the wall against which the pencil seems to be projected. Imagine 
lines drawn from these two positions to the pencil. Is the angle at 
the pencil larger or smaller if the pencil is nearer the eyes ? 

The yisnal angle is the angle at the eye formed by two lines 
drawn respectively from two opposite and extreme points of a given 
object. This angle is larger as the object is nearer. 

Parallax is the difference in direction of a given object as seen 
from two standpoints. The parallax is greater as the object is 
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nearer, becoming 18(P when the object lies on the straight line join> 
ing the two standpoints. The fixed stars are at such enormous dis- 
tances from us that most of them show no parallax even when looked 
at most favorably from opposite sides of the earth* s orbit. None of 
them show any visual angle (that is, any disk), even when examined 
by the aid of the most powerful telescope. 

INTENSITY. 

Note. — By intensity of illumination is meant the amount of 
light received per unit area by any given surface. By intensity of 
light at the source is meant the amount of light emitted by a unit 
area of the luminous body. Asjronomers call this the "intrinsic 
brightness." In ordinary photometry, by the intensity of a given 
light is meant the quantity of light which the luminous body (or 
flame) emits compared to the quantity which the standard light 
emits. The relative size of the two flames or luminous bodies is not 
considered. In this latter sense we shall use " candle power," or 
simply "power" for intensity, reserving the term "intrinsic bright- 
ness" for the true intensity of the source. "Intensity of light" in 
a general sense is often used for " intensity of illumination," espe- 
cially where the substance illuminated is thought of as both receiv- 
ing and giving out (by reflection or transmission) light. Unit time 
is always understood in estimating intensity. 

Exp. 241. — Prepare a strip of board 2 m. long by 15 cm. wide, 
graduated lengthwise in centimeters. Set four candles close to- 
gether upon a block of wood, and one candle upon another block. 
The candles should be carefully selected as to the size of the wicks, 
etc., that each may have the same illuminating power. Prepare a 

slide S, Fig. 192, composed 
Q I of a block of wood to which 

B I I A a piece of paper, having 

Flff 192 ^^ oiled spot in the center, 

has been tacked. Place 
this slide upon the center of the graduated board, the paper at right 
angles to the length of the board. Darken the room by drawing the 
curtains, and adjust the board by rotating horizontally till each side 
of the oiled spot is equally illumined by the light which still enters 
the room. Light the candles, placing the single one at A and the 
others at B on opposite ends of the board. The oiled spot looks 
darker on the side receiving more light. Why ? Move the slide S 
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till the oiled spot is equally illumined on each side. Compare now 
the distances of A and B from the slide. The apparatus is called 
Bonsen's photometer. 

(6) Replace A with a standard sperm candle [of the size known 
as "sixes" (six to the pound), which bums 120 grains per hour], 
and replace B with a gas-jet, utilizing a rubber tube to bring the 
gas to the burner. Arrange the slide till the oiled spot is equally 
illuminated, and compute the candle power of the gas-jet. In place 
of the gas-jet the flame of a lamp may, of course, be used. 

Law of Intensity. The intensity of illumination is 
inversely as the square of the distance from the source of 
lights and the powers of the lights necessary to produce 
equal illumination are as the squares of the distances of 
the lights from the surface illuminated. 

The comparison of the powers of different sources of light can be 
made only approximately. The standard varies in power according 
to the length of the projection of the wick, the condition of the air 
in which it burns, etc. The gas flame not only varies with varying 
pressure and quality of gas, but sends out slightly more light in 
some directions than in others. 

Flames of the same size, as is well known, do not necessarily give 
the same light. Indeed, often the smaller luminous body gives more 
light, because of its greater intrinsic brightness, that is, the greater 
intensity of the light emitted. This is measured by the quantity of 
light emitted by one unit of surface. 

Given that " Light travels in straight lines," and we can easily 
prove mathematically the Law of Intensity as affected by distance. 
Light coming from a luminous x>oint, and passing at a distance one, 
through an orifice whose diameter is one, falling upon a screen 
whose distance is two, would be spread over four times the area 
which it fell upon in passing the orifice. The intensity therefore 
would be only one-fourth as great. Making the terms general by 
using the distance x instead of two, we have at the distance x for 

the intensity — . 
x^ 

Exp. 242. — Procure an old-fashioned camera (or make a camera 
from a paper or wooden box painted black inside). Remove the 
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lens from the front, and fasten a blackened card with a pin-bole in 

the center over the large orifice. Upon 
thin white paper or ground glass, J, Fig. 
193, receive the image B'A^ of some object 
AB, as the flame of a candle, or as a house 
illuminated by sunshine. The image is 
best seen if the head is covered with a 
dark cloth, so as to exclude the light from 
the side I of the receiving screen, while 
observing the image. 

A real and inverted image of an object may be 
formed by allowing the light from the object to pass 
through a small orifice. 

A real image is one from which^ when it is seen, rayB 
of light come to the eye. 

A yirtnal image is one from which, when it is seen, 
rays of light seem to come to the eye. 

Images formed by ordinary mirrors are virtual, not real. A real 
image is really there where it seems to be. A virtual image seems 
to be there, but is not really there. The rays of light come as though 
they came from it, but they do not. 

If you write upon the board any given letter, as E, and con- 
tinue to write a large number of E's upon and near the first, you 
will soon apparently have no E's there, though you have written 
many. Only a blur of chalk is apparent. Could you remove all 
but the first, or all but a few of the first, you would soon have your 
picture or image of E apparent again. 

Analogous to this the image B^A^ is formed by a process of exclu- 
sion. Every ray of light from a point imprints a real image of that 
point upon any screen upon which the ray falls to be reflected again. 
Rays passing outward in all directions, innumerable in number, from 
any point, are all shut off by the perforated card, save a few which 
form the image. When the orifice is much enlarged, the image dis- 
appears, being covered by such a confusion of superimposed images 
of other points, that we can recognize neither it nor those images 
which cause the confusion. 

Images of the sun are often formed upon the ground by tlie 
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small openings in the dense foliage above. A perforated card gives 
a very interesting image of the sun during a partial eclipse. 

REFLECTION. 

Exp. 243. — In a darkened room reflect a beam of light from a 
polished surface, rotating the surface upon different axes so as to 
throw the reflected beam in various direc- 
tions. Observe that the greater part of the 
light is reflected according to a definite law. 
ABP of Fig. 194 is called the angle of inci- 
dence, and PER the angle of reflection. 
Jf3f' is the reflecting surface, and P B the 
normal, or perpendicular, to that surface. 
[For many experiments under light a dark- 
ened room is necessary, the darker the better. 

While this experiment does not require a very dark room, it is much 
more impressive in such a room. To introduce sunlight, some form 
of the "porte-iitmiere," shown in Fig. 195, 
is necessary. The apparatus consists of 
a mirror, M, fastened by the hinge, JET, to 
the tube T, which revolves horizontally, 
and is painted black on the inside. This 
tube is set in the wooden frame C C, clos- 
ing the opening formed by the raised 
window. The string S varies the angle 
between the mirror and the tube to suit 
the varying positions of the sun. Revolv- 
ing the tube T also helps to " catch the 
sun." The end O of the tube is closed at 
will by plugs having orifices of different sizes and shapes, 
darkening the room, see Section I., Appendix.] 

Law of Reflection. 77ie angle of reflection is equal to 
the angle of incidence^ both lying in the same plane per- 
pendicular to the reflecting surface. 

Exp. 244. — Hold a white smooth card as a reflector of a beam 
of light in a dark room, and observe (1) that part of the light is 
reflected upon the wall of the room according to the law, (2) that 
part is scattered by a diffused reflection apparently not according to 
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the law, and (3) that part of the light is transmitted or allowed to 
pass through the card. 

(b) Reflect in the same way hy a piece of glass. Observe whether 
more or less light is reflected compared with the amount transmitted 
as you make the angle of incidence greater. 

(c) Reflect from a black card. Is more or less light reflected than 
from the white card ? 

{d ) Reflect several times from mirrors placed one after the other 
along the broken line of light, and observe whether the illumination 
upon the wall is any less strong than when the wall is illuminated 
without any reflection, or after a single reflection. 

(e) Reflect the beam into a deep glass jar. Fill the jar with 
smoke (from touch paper), and reflect again, observing the pro- 
nounced difference when the jar is filled with smoke. 

Diflnsed Light is light scattered by reflections from 
rough surfaces, or by multiplied reflections from for- 
eign particles in otherwise transparent media. 

No surfaces are perfectly smooth. Transparent bodies are made 
translucent by roughening the surfaces (as ground glass), or by ren- 
dering the inside in any way not homogeneous. Whenever light 
falls upon transparent or translucent bodies, part of it is reflected, 
part is absorbed (and converted principally into heat), and part is 
transmitted. Opaque bodies absorb and reflect light, but transmit 
none. Black bodies absorb more light and reflect less than white 
ones. [See Exp. 148 and comment.] More light is reflected and 
less absorbed as the angle of incidence becomes larger. 

We see objects by diffused light, which is often called " irregularly- 
reflected light." Were it not for diffused light, the sunshine would 
reveal only the objects upon which it fell, either directly or after 
reflection according to the law. Shadows would be " dense," and 
objects in them invisible. " Regularly reflected light," or light re- 
flected from perfectly smooth surfaces, would not reveal to us the 
reflecting surfaces. Perfect mirrors would be invisible, revealing 
not themselves, but images of the objects in front of them. 

Note. — Except when the eye is considered as a camera, this 
book will treat the pupil of the eye as if it were only of suflScient 
size to admit a single ray of light from a given point. Of course, 
from any point seen, a slightly diverging pencil of light enters the 
— '^ee the " picture cuts " in larger works. 
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Exp. 245. ^ Mount a piece of a broken mirror, if, Fig. 196, verti- 
cally upon the table by means of two blocks. Set a large pin, O, as 
the object. At A, in line with the 



image /, set the pin A. Set another 
pin, B^ at random, and the pin C a 9 
in line with B and the image J. 
Mark the position of the mirror, 
remembering that the reflecting sur- 
face is behind the glass, and then, 
removing the mirror, prolong the 
lines A O and C B till they meet at 



CD 



M 




..,•1 



Fig. 100. 



7. Measure M I and M O. (b) We have also the simple geometric 
pi-oof shown in Fig. 197. Let E be the object. Reverse the arrow- 
heads, and let A Bhe the diameter of the pupil (last note), then will 
E' be the image. 

Images formed by plane mirrors are (1) virtual, 
(2) erect, (3) of the same size as the object, (4) as far 
behind the mirror as the object is in front of it, and (5) 
reversed with reference to the object, as the letter is the 
reverse of the type with which it is stamped. 

Exp. 246. — Place a mirror horizontally and with the eye at E, 
Fig. 197; hold an upright twig (or a pencil) erect on the opposite 
side of the mirror. Why 
is the image of the twig 
apparently " inverted " ? 
Having the Law of Re- 
flection given, the ex- 
planation is very easy. 
Draw a figure similar to 
Fig. 197, explaining why 
the right hand seen in a 
vertical mirror seems to 
be the left, and vice versd. 

Virtual images cannot 
be caught upon a screen, 
because they have no ex- 
istence except in the im- 
agination. The eye sees a point, as it were, by looking backward 
along the line (ray) of light that enters the eye from that point. It 
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matters not how many directions the ray (because of reflection or 
other causes) may have taken, the eye sees the point in the opposite 
direction from that taken by the ray as it enters the eye. For exam- 
ple, in Fig. 197 the eye " thinks it sees " the point A in the direc- 
tion E S, that is, at A\ The same is true of the point B, which is 
seen as though it were at B\ with no mirror intervening. The same 
reasoning applies to all other points seen. In a loose sense this 
image is sometimes spoken of as an inverted image, but it is not a 
true inverted image. If the mirror is turned to the vertical, leaving 
the twig in the same position (erect), the " turning about" will be 
seen to be lateral, like that of the letter compared to the tyx>e that 
stamps it, or like that which makes the right of the object seem the 
left in the image formed by all vertical plane mirrors. 

Note. — In all section work under light, real rays should be 
drawn as continuous lines, and the directions indicated by arrow- 
heads. Imaginary rays and perpendiculars should be dotted, as 
shown in Fig. 197. A uniform rule in class work is very helpful. 
Every distinct portion of a broken ray should have an arrowhead. 

Multiple images and images of images may be obtained by placing 
mirrors at angles with each other. How many images can you 
obtain if the mirrors are at an angle of 90° ? of 60° ? of 45° ? [See 
Kaleidoscope in larger works.] Parallel mirrors give very many 
images of the object placed at the end of the tube (which they form) 
and opposite the eye. Metallic mirrors give only a single image, 
but ordinary glass mirrors give also several fainter images, if the 
observer looks obliquely. [See refraction.] 

Exp. 247. — Let rays of light from the sun, the rays from which 
are sensibly parallel, fall upon a concave i mirror, as shown in Fig. 

198. Suspend by a wire a small, 
opaque, flat body, and fljid a point, 
F, in front of the mirror where 
the body is brilliantly illuminated 
by the reflected rays. 

{b) Hold the bulb oi the ther- 
mometer at F for a moment, and 
Fig. 198. observe the effect. [Consider the 

second part of this experiment as a continuation of Exp. 148.] 

1 By concave and convex mirrors in this chapter, spherically concave and con- 
vex mirrors are meant. 
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The point C, the center of the sphere of whose surface the mirror 
is a part, is called the center of curvature. The perpendicular from 
the center of the mirror passes through the center of curvature, and 
is called the prmcipai axi«. Of course all perpendiculars from the 
mirror pass through the point C along the radius of the curve. A 
point on the principal axis half way between the center of curvature 
and the mirror is called the principal focus. The regular Law of 
Reflection applies to concave mirrors. All guiding perpendiculars 
are to be drawn from the center of curvature. Do the reflected rays 
stop at F^ if there is no screen there to stop them ? 

When the concaye mirror is only a very small por- 
tion of the surface of the sphere of which it is a part, 
rays of light falling upon the mirror parallel to its princi- 
pal axis are reflected to the principal focus. 

Reflections from concave mirrors exhibit the following type 
cases : — 

I. When rays parallel to the principal axis fall upon the mirror 
as in Fig. 198. 
II. When the source of light is at F. (I. reversed.) 

III. When the source is at C. 

IV. When the source is on the principal axis beyond C. 

V. When the source is on the principal axis between C and F. 
(IV. reversed.) 
VI. When the source is on the principal axis between F and the 

mirror M. 
VII. When the source is a point not on the principal axis. 
VIII. When the source of light is not a point, but a body of very 
sensible size, and not at so great a distance as to send to the 
mirror from each point of its surface sensibly parallel rays. 

With a point as the source of light, let the pupil construct dia- 
grams representing cases II. to VII. inclusive. Represent in each 
case three rays of light coming from the point, and reflected by the 
mirror. Apply carefully the Law of Reflection, guiding the reflected 
ray in each case by a dotted perpendicular. Do not curve the line 
representing the mirror too sharply, but give your arc a radius about 
four times as long as itself. Mark carefully C and F upon the princi- 
pal axis before drawing the rays of light. 
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Exp. 248. — Mount a small lighted candle upon an inverted white 
dish, and place the whole as the object, AB^ Fig. 199, in front of a 




Biff. 109. 

concave mirror beyond its center of curvature. Look approxi- 
mately along the principal axis towards the mirror and observe the 
image fi'^'. [Case VIII.] 

(b) Move the candle nearer between C and F^ and standing back 
farther find an enlarged inverted image out where the object was 
before. These images are more distinct, if the room is darkened. 

Concaye mirrors may form real and inverted images 
of objects. The two points in front of a concave mirror 
occupied respectively by an object and its real image are 
called conjugate foci. Each is a conjugate focus with 
reference to the other. If the object is placed at either 
of the conjugate foci, the real and inverted image ap- 
pears at the other focus. If the object is at the farther 
focus the image is minified, if at the nearer focus the 
image is magnified. 

Two points will locate the image. Therefore, to construct the 
image : — 

From two points, for example, A and J5, Fig. 199, at or near the 
extremities of the object draw lines 1 and 2 representing rays pass- 
ing through the center of curvature. These rays, of course, will be 
reflected straight backward from the mirror through C The images 
of these points will, therefore, lie in these lines respectively. Again 
draw from the same points rays S and 4 parallel to the principal 
axis. These rays will be reflected through the princix>al focus F. 
Drawing these reflected lines we locate the two points of the image, 
at their respective intersections with the two former lines. The 
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image may now be drawn to the proper scale in the proper place. 
Every ray of light from A that strikes the mirror will be reflected 
through A', From A\ therefore, rays will enter the eye of the ob- 
server OS though they originated at A\ Of course the observer must 
stand farther from the mirror than A\ and at not too great a dis- 
tance from the principal axis to see the image directly. All real 
images may be thrown upon a screen. Draw the construction lines, 
and locate properly the image formed by (6) of Exp. 248. Any 
illumined body, as a bouquet of flowers, may be used for an object. 

Exp. 249. Hold a concave mirror near the face, and observe the 
image formed by the mirror. 

(&) Hold any small object near and in front of the mirror. 

Concave mirrors form virtual^ erect^ and magnified 
images of objects placed between the principal focus 
and the mirror. 

In explanation of Exp. 249, let A, Fig. 200, be a point upon 
the forehead, and B a point upon the chin, and E the eye. The 
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point A' in the enlarged virtual image is located by the intersection 
of the line of sight (prolonged behind the mirror), with the pro- 
longed radius drawn from C through A. The point of incidence / 
must be so located that the angle of incidence shall equal the angle 
of reflection. In like manner the point B is located at B\ 

Exp. 250. — In a darkened room reflect from a convex mirror two 
parallel rays of light. Draw a diagram showing from what point 
the reflected rays would seem to come should they enter an eye 
whose pupil was large enough to receive them both. 

(6) Look into a convex mirror. 
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The focus of a convex mirror is virtual, therefore 
it can form no real images. The images formed by 
convex mirrors are always virtual^ erects and minified. 
Fig. 200 reversed will explain (6) of the experiment. 

Parabolic mirrors of whatever size reflect all rays parallel to the 
principal axis to the principal focus. Rays originating at the focus 
are reflected parallel to the axis. Parabolic mirrors are therefore 
used to ** throw the light along the track" from the headlight of the 
engine. The light is placed at the focus. Distorted mirrors, as pol- 
ished bowls of spoons, produce distorted images. For the subject of 
Total Reflection see, under Refraction, the " Critical Angle." [See 
Mirrors, Caustic, Aberration, Sextant, in larger works and in the 
cyclopedia.] 

REFRACTION. 

Exp. 251. — Procure an elongated dish, such as is shown in Fig. 

201. A wooden tank with one glass side, and the opposite side 

painted black answers best. 
A Let a ray (or beam) of light 
from the sun or from a candle 
shine over the edge, passing 
along the line AIB. Fill the 
tank with clear water, and ob- 
serve that the ray now takes 
the broken line AIC nearer the 
perpendicular PL 
(h) Place a coin A, Fig. 202, at the bottom of the tank, so that the 

ray of light which reveals the nearest point takes the direction 

AIE to the eye at E. Lower the eye towards E' till the coin is out 

of sight, and fill the tank carefully 

with water, not moving the coin 

nor the position of the eye at ^'. 

The whole of the coin becomes 

visible again as though it were now 

at A\ The line of light from A 

now passes over the broken line 

AIE\ bending as it emerges at pig. 202. 

I from the perpendicular PL 

Notice that in each case the perpendicular is dravm in the advanced 




Fig. 201. 
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(c) Reflect a beam of sunshine into the water perpendicular to its 
surface. Does the ray bend any as it enters the water ? [Physicists 
tell us that light travels less rapidly in water than in air.] 

Law of Refraction. Passing obliquely from a medium 
in which light travels more rapidly into one in lohich light 
travels less rapidly^ a ray is bent towards the perpendicu- 
lar ; and passing obliquely from a medium in which light 
travels less rapidly into one in which light travels more 
rapidly^ the ray is bent from the perpendicular, 

Exp. 252. — To find the amount of refraction. Prepare a tank 
like that used in the last experiment, except let the inside dimen- 
sions be about 4 dcm. high, 4 dcm. wide, and 4 cm. from the front 
sguare of glass to the rear and dark side. The tank may be sawn 
out of a wide plank, the back painted dark, and the whole made 
water tight by means of white lead upon which the glass is buttoned 
down with soft wooden buttons screwed to the plank. Side pieces 
should be nailed to the plank to prevent its warping. Glue upon the 
glass outside a square piece of stiff paper as large as the front of 
the tank, with a graduated circle, as shown in Fig. 203. Cut out 
carefully before glueing upon the 
glass the two graduated quarters, 
leaving the degrees marked outside. 
Let the line joining the points 
marked 90° be horizontal, when the 
tank is level. Fill the tank with 
clear water exactly to this horizon- 
tal line. In a dark room reflect by 
an adjustable mirror clamped to a 
retort stand a ray (beam) of light 
(thrown in by the porte lumiere), 
so that it shall strike the surface of 
the water obliquely and precisely at 
the center /. Examine carefully 
the path of the ray AIC, noting the 
degrees at A and C AID is called 
the angle of incidence and CIE the 
angle of refraction. The extended perpendicular DE is called the 
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normal. Measure the line DA drawn at right angles to the normal in 
millimeters. This line is the mie of the angle of incidence. Meas- 
ure CE the sine of the angle of refraction. Divide DA by CE, 

The index of refraction is the ratio of the sine of the 
angle of incidence to the sine of the angle of refraction. 
This is constant for any two substances, whatever be 
the angle of incidence. The index of refraction for air 
into water is about as 4 : 3, or, expressing the ratio by 
the quotient, as we express specific gravity, 1.33 -j-. 
The index for air into the following is approximately : 
crown glass, 1.5 ; flint glass, 1.6 ; diamond, 2.5. 

If the ray passes from water into air, of course the index is as 
3:4, or J. The pupil will notice that the refracted ray is spread out 
and slightly colored. Rays giving the sensation of violet color are 
refracted (bent) most, and the " red rays " least. Accurately, the 
index must be given for a ray of definite color, as, for instance, a 
ray which forms some definite line of the spectrum. An index given 
for a line near the center of the spectrum is often called a mean 
index. The absolute index of refraction is the index for the ray 
passing obliquely from a vacuum into the substance, and differs only 
slightly from the index when the ray passes 4rom air into the sub- 
stance. From a table of absolute indices we may find the relative 
index for any two substances (the ray passing from the less refractive 
into the more refractive) by dividing the larger absolute index by 
the smaller. [Appendix Section XII.] 

Exp. 253. — Hold a glass prism with its refracting angle. A, Fig. 
204, downward. With the eye at E look obliquely through the side 

and see some object above at O, 
apparently located at C. [We will 
study the coloring of the image later 
under Dispersion. Consider refrac- 
tion only at present. ] Explain, using 
the Law of Refraction, why the 
image is seen at (/. The difiPerence 
Pig. 204. in direction between O I and /' E 

is called the Angle of Deviation. 
Did the triangle represent a triangular swamp, or rough piece 
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Figr. 205. 



of ground difficult to march over, were A L an army marching in the 
direction indicated, would the army be marching in the same direc- 
tion on emerging from the swamp, if both the right (E) and the left 
(L) wings, composed of equally good troops, marched as well as they 
could? 

Light travels less rapidly in glass than in air, and for this reason 
the ray is bent. Were a boy to run 
^* against time " across a rectangular field 
from A to 5, Fig. 205, one half of which 
field is plowed ground difficult to run 
upon, would he run straight along the 
diagonal ABf Why not? Would the 
broken line along which he runs be ma- 
terially different if he runs from B to Af 

A ray of light passing between two points takes a 
course over which it can travel in the shortest possible 
time, and with the least expenditure of energy. For 
this reason, whenever the ray passes obliquely into any 
other medium in which it travels more or less rapidly, 
it changes the direction of its course. 

Exp. 254. —Place a fine wire, A B, Fig. 206, behind a piece of 

glass, and look at it obliquely through the glass. 
Draw a section showing the path of a single ray 

as it comes from some point. A, Fig. 207, on the 

wire through the glass to the eye at some point, 

E, Locate the point as seen by the eye at some 

point. A' (not shown in the cut). "Dot" and ^^^ 

letter the guiding perpendiculars, remembering that 

they are drawn in the advanced medium. Apply care- 
fully the Law of Refraction, calling the index for 
plate glass ?, and guessing as nearly as you can at the 
amount of bending. 

Objects looked at obliquely through a 
plate with parallel faces suffer a slight " lat- 
eral displacement." The emerging ray passing obliquely 
through such a plate is parallel to the incident portion. 
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Having the index of refraction, we may accurately trace a ray of 
light obliquely through any medium of whatever shape by remem- 




Figr. 208. 

bering the relationship of similar parts of similar triangles. Let 
Fig. 208 represent a crown glass prism, whose index of refraction is 
I (in air). To find how much the ray is bent at I and V we proceed 
as follows: — 

Draw in the advanced medium a dotted line representing the x>ath 
of the ray if it were not bent. Lay off upon this two radii in pro- 
portion as indicated by the index of refraction. With these radii 
strike from J as a center the two parallel arcs inward the perpen- 
dicular (as the ray bends). Draw the guiding parallel I from the end 
of the shorter radius, and draw I V for the true path of the ray. 
Again, let a dotted line straight onward from V represent the ray if 
it were not bent at T, Lay off upon it two radii as before in pro- 
portion, but not necessarily of the same absolute length as before. 
Draw the arcs, but this time from the perpendicular (as the ray 
bends). Draw the second guiding parallel, 1 1, and draw I' B for the 
true path of the emerging ray. If the section of the more refracting 
medium is too small, the guiding parallel I may be drawn between 
arcs outside on the other side of the normal. Beginners will do well 
to think of **■ the normal ^' as extending on both sides of the incident 
surface, and of " the perpendicular " as extending only on one side 
and forming one-half of the normal. 

Exp, 255. —Fill the tank of Fig. 202 
completely full of water. Suspend a small 
white pebble by a fine thread, 8, Fig. 209, 
waxed to it. Let the pebble hang just be- 
low the surface, as far from the glass side 
G as possible. Remember that the pebble 
Fifir- 209. is seen because of rays of light coming from 
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it and entering the eye. Look at the pebble more and more oblique- 
ly, as shown by positions for the eye, 1, 2, 3, etc. A small incan- 
descent light may take the place of the pebble to emphasize the 
teaching of this experiment. 

Fig. 210 should be thoroughly studied in connection with this last 
experiment. Let the tank be 
half closed by the cover KI, the 
other half of the water surface 
being open. Let a source of light 
be placed at i, L\ etc., succes- 
sively. At some point, F^ the 
angle of refraction for the ray 
incident at I will be 90°; viz., 
AID, for the incident angle 
FILj emphasized by the triple 
curve. If the source of light be 
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now placed anywhere in the " comer," that is, in the wedge FIK, 
as at H, the light cannot emerge from the more refractive medium, 
but is "totally reflected" internally, as shown by IE, The angle of 
incidence J? JX is equal to the angle of reflection LIE, 

The critical angle is the incident angle in the more 
refractive medium^ whose angle of refraction is 90°. 

Total reflection takes place whenever a ray is inci- 
dent in the more refractive medium at an angle greater 
than the critical angle. 

The critical angle for water and air is about 48°, and for glass and 
air about 38° for flint, to 41° for crown or plate. A ray may be turned 
at right angles, not only by a mirror at an 
angle of 45°, but by taking advantage of the 
principle of total reflection. Fig. 211 repre- 
sents an isosceles prism, the rays striking the 
internal surface at an angle greater than the 
critical angle for glass. The rays passing 
normally into and normally out of the prism 
are not refracted. There is always some in- 
ternal reflection, even when the critical angle has not been reached. 
The reflection called ** total " is not absolutely perfect, but there is 
a very slight diffusion and loss of energy. 
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Examples of ^' total reflection ^* may be seen by raising a tumbler 
nearly full of water above the eye, and placing in the water a spoon 
or empty test tube. The totally reflected light gives the test tube a 
burnished metallic appearance. 

The most common forms of lenses are (1) double 
convex, (2) plano-convex, (3) double concave, and (4) 
plano-concave. These are sufficiently described by sec- 
tion in Fig. 212. The line ^ ^ is the principal axis of 
each lens shown. 





B 



12 3 4. 

Fig. 212. 

Note. — In this book, by convex and concave lenses will be meant 
spherically convex and concave. By double wiU be meant symmet- 
rically double, and, imless otherwise mentioned, all lenses ^111 be 
considered as immersed in aiVj and not in any other medium. 

Exp. 256. — Hold a double convex lens in the direct sunshine, so 
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Figr. 213. 

that the rays of light may fall upon it parallel to the principal axis. 
Observe, by means of the dust, beaten from some dusty object, that 
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the rays are converged approximately to a point F^ Fig. 213. This 
experiment is mucli more empliatic, if a beam of light, covering the 
whole side of the lens, is thrown into a dark room by the porte 
lumiere (Fig. 195), and converged by the lens. 

(6) Hold the head of a match at F^ using the lens for a *'*' burning 
glass." " Heat rays " as well as " light rays " may be refracted to a 
focus. [Exp. 148 and comments.] 

Rays of light parallel to the principal axis of a con- 
vex lens are converged approximately to a point upon 
that axis on the other side of the lens called the prin- 
cipal focus, and, conversely, rays originating at the focus 
are parallel after passing through the lens. 

The point C at the center of the lens is called the optical center. 
Any other line than the principal axis passing through C is crflled a 
secondary axis. Rays of light on secondary axes are not changed in 
direction, but suffer a slight lateral displacement like the ray in 
Fig. 207. In piano lenses the optical center lies at the intersection 
of the principal axis with the cui*ved surface. The distance BF is 
called the focal length. What is the focal length of your lens ? In 
a plano-convex or plano-concave lens, the principal axis is the 
normal to the plane surface which passes through the center of 
curvature. All " guiding perpendiculars " from the curved surface 
of the lens are to be drawn towards or from the center of curvature, 
and therefore form part of the radius of curvature, or part of this 
radius extended. When the index of refraction is \ the focal length 
of the double convex lens is equal to the radius of curvature, and 
that of the plano-convex lens is twice the radius of curvature. 
Construct a plot on a large scale and prove this last statement. 
The same is respectively true of the double concave lens and the 
plano-concave lens, except the foci of these are virtual^ not real. 

Exp. 257. — Slightly darken the room by drawing all the curtains 
but one, and draw that one half way down. Hold a double convex 
lens in front of the blackboard opposite this window, and obtain a 
small, inverted, real image. 

(6) Fasten the lens in front of the camera. Fig. 193 (or use a 
regular photographer's camera), and, adjusting the screen I, by 
moving it nearer or farther from the lens, obtain an image of 
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some illumined body. Fig. 214 represents object AB and image 
B'A\ 




Figr. 214. 

(c) Obtain or construct a small '* magic lantern," and throw an 
enlarged image upon a screen (sheet, or white wall) in a dark room. 
Examine carefully the arrangement of lenses, or if you construct, 
arrange as shown in Fig. 215. The light L is often placed at the 
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Figr. 215. 

focus of the lens C. Why? The nearly transparent object AB be- 
comes the enlarged, inverted image B'A\ Jf is a reflector placed 
nearer L than its focal length. The lens C is often made of two 
plano-convex lenses with the planes external. Why? [See Exp. 
244, (6).] 

Convex lenses, like concave mirrors, have two conju- 
gate foci, one on each side of the lens. If the object 
is placed in one focus a real and inverted image appears 
in the other focus. If the object is placed in the 
farther focus the lens minifies. The ordinary photog- 
rapher always produces a minified image in the nearer 
focus, the object being in the farther. If the object is 
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placed in the nearer focus the lens magnifies. In this 
case, the object, unless self-luminous, must be strongly- 
illuminated to furnish light sufficient to make the image 
distinctly visible. The showman with his "lantern" 
always produces a magnified image of an illumined 
object. The lens of Fig. 214 minifies. Lens D of 
Fig. 215 magnifies. Object and image may he of the 
same size. This is the case when both are at double 
the focal length. 

Exp. 258. — Obtain the eye of an ox from the butcher. Opposite 
the pupil cut away carefully with a very sharp knife the sclerotic 
coat, and hold the eye up to the window opposite some sunlit ob- 
ject. A real, inverted, and minified image appears on the retina. 

The Haman Eye is mechanically a camera. Light passing 
through the crystalline lens forms a real, inverted, and minified 
image upon the retina. In far-sightedness this retinal screen is too 
near the lens (conjugate focus too far off) for the curvature, or in 
other words, the lens is "too fiat " for the retinal distance. In near- 
sightedness the retina is too far away (focus too near), or in other 
words, the lens is too convex. In each case a blurred image is 
formed. [See cuts of the eye in Physiologies.] 

Exp. 259. — Place a small object, as an insect, upon whit^ paper 
in a strong light, and examine with a double convex lens held 

A' 
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nearer to the object than the focal length of the lens. Fig. 216 
explains the action of the lens. The guiding line whose intersec- 
tion with the "line of sight" locates the image is drawn from the 
optical center C through A and B resj^ctively. 



236 ELEMENTS OF PHYSICS. 

Convex lenses form erect, virtual, and magnified 
images of objects placed nearer than the focal length. 
Wlien used for this purpose they are called magnifying 
glasses or simple micrOHCopes. 

£xp. 260. — Mount a large double convex lens in the sunshine, 
and lay a graduated rod along parallel with the principal axis. 
With first a solid black disk of paper, covering all the lens except 
its edges, observe carefully the focus. Afterward with an annular 
piece cover the edges, leaving a portion at the center uncovered. 
Observe the focus. Is it nearer or farther away than before ? 

Spherical Aberr»tkm is caused by the fact that rays 
passing through the edges of the lens are brought to a 
focus nearer the lens than those which pass through 
near the center. This causes an indistinctness of out- 
line in the image. Spherical aberration is overcome in 
one of two ways : — 

1. By covering the edge of the lens with an opaque 
diapliragra. 

2. By regularly lessening the curvature of the lens, 
that is, by giving the curved surface of the lens a 
continuously lengthening radius from the center out- 
ward. 

Because he can get sufficient light through the center, and be- 
cause it is much cheaper, the photographer usually takes the first 
method. The astronomer, because he needs all the light he can get, 
takes the second and expensive method. 

Exp. 261. — Hold a double concave lens in the parallel rays of the 
sun reflected into the dark room by the porte lumiere. Observe the 
transmitted rays. They emei^e as though they came from some 
point F, Fig. 217, which is called the focus. 

(b) Look at a small and near object through a double concave 
lens. ♦ 
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The focus of concaye lenses is virtual, and therefore 
they cannot form real images. The images formed by 
concave lenses are always virtual, erect, and minified. 
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Construct the virtual image for the object A'B' as seen by the 
eye E through the concave lens. Use a reverse process from that 
shown in Fig. 216, obtaining the virtual image at A B, 

The general effect of convex lenses is to converge rays, and of 
concave lenses to diverge rays. Convex lenses are very similar in 
effect to concave mirrors, and concave lenses to convex mirrors. 

DISPERSION. 

Exp. 261. — Into a room darkened as much as possible, through 
a long and narrow slit, introduce by the porte lumiere a bright 
sunbeam. Place a prism in its path with the refracting angle 
downward, Fig. 218, and receive the refracted rays upon a white 
screen. 

Defining with respect to sensation, Dispersion is the 
separation of light into its various colors by the action 
of differential refraction. The colored band produced 
by the refraction of sunlight is called the Solar 
Spectrum. 

The rays producing the senflations of different colors have varying 
refrangibilities. The time-honored list from the most refrangible to 
the least refrangible rays, comprising white light, is: violet, indigo, 
blue, green, yellow, orange, red. The order may be remembered by 
the meaningless word, formed from the initials, vibgyor. For several 
reasons there is some overlapping of the colors. 
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£xp. 262. — Adjust a delicate thermometer below the red rays of 
the spectrum, in the dark, as at &, Fig. 218. Place a strip of 
"silvered" paper (obtained from some photographer, or made by 
dipping white paper into silver nitrate solution, and drying in the 
dark) above the violet in the dark, as shown at C. Let this paper 
be exposed only in spots, being covered elsewhere by black paper. 
The mercury rises, and the " silvered " paper above the spectrum 
turns much darker than at the other end. 




SIDE VIEW. 



FifiT- 218. 



^ 



oo o 
ooo 



oo 
oo 



D 




FRONT VIEW. 



Radiant energy manifests itself in producing directly 
heat, light, or chemical action. Radiant energy trans- 
mitted directly from the sun produces these three 
effects simultaneously, by an intermingling of rays hav- 
ing different rapidity of segment vibrations, that is, dif- 
ferent wave-frequencies. [See the first note in this chap- 
ter.] We may make three rough divisions of solar 
rays. Rays having comparatively high wave-frequen- 
cies do not reveal themselves to the eye as light, but are 
very active in producing chemical action. Such rays 



LIGHT, 239 

are refracted most. Rays having comparatively low 
wave-frequencies do not reveal themselves to the eye as 
light, but are made sensible by the heat which they 
produce. Such rays are refracted least. Rays of 
medium wave-frequency produce the sensation of light. 
Violet rays have a higher wave-frequency than red rays, 
and are therefore refracted more. [See pitch under 
Sound.] 

In a loose and often very convenient sense we may say that we 
receive three kinds of solar rays intermingled; viz., '* heat rays " (H 
dotted line, Fig. 218 front view), "light rays" (L), and chemical or 
actinic rays (C). The pupil will now understand that even of " light 
rays" there are not just setjen kinds (or colors), but a continuous 
series of different degrees of refrangibility. To be strictly accurate, 
the index of refraction of any substance must be given for some 
particular ray or line of the spectrum. [Appendix, Section XII.] 

Dispersion is the separation of rays of radiant en- 
ergy having different wave-frequencies by means of 
refraction. 

Exp. 263. — Look through the prism backward at the slit from a 
distance of two or three feet. You see a virtual spectrum in a direc- 
tion from the slit equal to the angle of deviation for the prism 
(Fig. 204). 

Exp. 264. — Reverse another prism, and, placing the two side by 
side, allow the light from a small slit to pass through both prisms. 
The white light separated by the first prism into colors appears again 
upon the screen. 

(6) Place the prism quite near the slit, and let the beam pass 
through the prism and a double convex lens in such a way that the 
prism and the screen are at the conjugate foci of the lens. The 
spot upon the screen is white, at least at the center. 

We may prove the composition of white light by 
synthesis as well as by analysis. 
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If we wish to obtain a pure spectrum, that is, one without the 
overlapping of rays of different refrangibillty, we must place a lens 
in such a position as to form an accurate image of the slit upon a 
screen. Place the prism between the lens and screen, very near the 
lens, and receive the spectrum upon a second screen, at the same 
distance from the prism as the first. If this is carefully done, a very 
beautiful spectrum without overlapping of colors is obtained. 

Exp. 265. — Secure the help of an assistant. Adjust very care- 
fully a good laboratory spectroscope provided with a scale. [These 
cost $35 to $40.] Obtain the pure spectrum which it casts horizon- 
tally when a small electric arc light shines into the adjustable slit. 
Notice that the spectrum is continuous. 

(b) Dissolve some common salt in a little water slightly acidulated 
with hydrochloric acid. Dip a loop of platinum wire, fused into a 
glass handle, into the solution, and hold it against the lower part of 
a Bunsen^s or alcohol flame set precisely in front of the slit. The 
body of the spectrum is dark, but it is crossed by a brilliant yellow 
line (double), called the ^* sodium " line. Why so called ? 

(c) Carefully adjust the instrument so that the sodium line shall 
come precisely at 50 upon the scale. Reduce the size of the alcohol 
flame. Behind the flame precisely on a level with the slit, set the 
small arc light, so that, when it is shining, it may shine through the 
alcohol flame into the slit. Let your assistant cause the white light 
of the arc lamp to shine through the slit, while the common salt 
solution is being volatilized in the flame. At the same time search 
for the sodium line at 50. Instead of the bright line, you find a 
dark line precisely at 50, the rest of the spectrum being bright with 
the ordinary colors so far as you will probably observe. 

(df) With a mirror throw sunlight into the slit, and observe that 
the spectrum is luminous for the most part, but is crossed by dark 
lines. [Appendix I., 17 and Frontispiece.] 

The spectroscope is an instrument for studying the spectra pro- 
duced by light coming from various sources. 
Spectra are of three kinds : — 

I. Continuous Spectra produced by light coming from incandes- 
cent (white-hot) solids, liquids, or condensed gases (vapors 
or volatilized material). 

II. Bright line Spectra produced by incandescent rarefied gases. 
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III. Absorption Spectra, like the first, except crossed by dark lines. 
These are produced by light of the first kind shining through 
substances of the second kind. Gases and vapors absorb 
rays of the same kind as they emit. 

The solar spectrum is of this third kind, as is also the spectra of 
the fixed stars. This shows that these bodies are alike in certain 
essential respects; viz., they have a white-hot dense interior shining 
out through a rarefied gaseous atmosphere, just as the white-hot 
particles of the electric light shone through the volatilized sodium 
chloride (salt). The dark lines upon the spectrum are called Fraun- 
hofer's lines. They are relatively dark, not absolutely. Like the 
sun spots, they are dark only by contrast. If a star is approaching 
us, the dark lines, as shown by the scale, are all displaced slightly 
towards the violet end of the spectruhi ; and, if the star is receding, 
the dark lines are displaced or shifted towards the red end. An 
expensive spectroscope with greatly enlarged spectrum is necessary 
to show this well. 

Exp. 266. — Volatilize, as in Exp. 265 (6), acidulated solutions of 
salts of strontium, barium, and calcium respectively. Carefully map 
each spectrum upon a scale, graduated precisely like the scale of 
your instrument. 

The spectroscope is an instrument very useful to the analytical 
chemist, as well as to the astronomer and physicist. By it the physi- 
cian may tell abnormal from normal secretions. The metallurgist 
and others in "the arts" find profitable use for it. [See Diffrac- 
tion.] 

Exp. 267. — Receive upon a double convex lens, held close to the 
porte lumiere and in a dark room, a round beam of light covering 
half the area of the lens. 

Hold a piece of annealed ^V 

ground glass or other similar 
object, first slightly nearer 
and then slightly farther off 
than its mean focus. Ob- 
serve the coloration as rep- 
resented with the separation 
of color exaggerated in Fig. 
219. 




Fig. 210. 
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Chromatic Aberration is a defect in a lens by which 
it brings rays of different colors to different foci. 

Each color forms its own image of the object at its own focus. 
These imperfectly blended images form one blurred and colored 
image very annoying to one wishing to make careful observations. 
For a long time this was supposed to be an irremediable defect in 
lenses. It was supposed to be impossible to secure refraction with- 
out dispersion. The dispersive power of a flint-glass prism, that is, 

the total length of its spectrum, is about twice as 
great as that of a similar crown-glass prism. Its 
average refracting power, that is, the angle of de- 
viation for the center of its spectrum, is just about 
the same as that of crown glass. By combining a 
double convex lens of crown glass with a plano- 
concave lens of flint glass, as shown in Fig. 220, the 
plano-concave lens neutralizes all of the dispersion 
of the crown glass, and only one-half of its re- 
fraction. 

A compound lens which secures ref rac- 
Figr- 220. ^j^j^ without dispersion is called an achro- 
matic lens. Such lenses are used in the best telescopes 
and microscopes. 





Fig. 221. 
Fig. 221 shows a compound microscope. The object AB is 
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placed in the nearer conjugate focus of the object glass (objective), 
and the real magnified and inverted image appears in the farther 
focus at A' B\ This image is magnified by the lens C of the eye- 
piece, forming a virtual and erect image at A'' B'% as seen by the 
eye at ^. Figs. 214 and 216 combined will help explain, in connec- 
tion with the text, the compound microscope. 

Fig. 222 shows the telescope ; the object A B being placed in the 
farther focus of the object glass, and the real minified and inverted 



B 




Figr. 222. 

image appearing in the nearer focus at A' B\ This is magnified by 
the eye-piece, forming a virtual image at A" B'\ The object glass 
serves the purpose of collecting light. All the magnifying is done by 
the eye-piece. The microscope and telescope are very similar, as will 
be seen from the cuts. For the purpose of simplicity the lenses are 
not shown as achromatic. On terrestrial telescopes, or spy-glasses^ 
additional lenses are used to reinvert the real image. A telescope is 
easily made by mounting the lenses as shown in the figure, only in 
a long blackened tube. The object glass should have a long focal 
distance, from four to six feet. [For the opera-glass, stereoscope, 
etc., see larger text books.] 

Exp. 268. — Fill a round-bottomed flask with clear water. Close 
the curtain, shutting out nearly all of the sunshine. Place against 
the wall, just under the window, a piece of white paper, and, holding 
the flask in the streak of sunshine entering beneath the curtain, 
observe the "rainbow " upon the paper. 

The rainbow is a solar spectrum formed by drops of water. Often 
there are two bows. The inner, being usually brighter, is called the 
Primary Bow, and the outer is called the Secondary Bow. 
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In the Primary Bow there is one reflection (internal) only, but in 
the Secondary Bow there are two, as shown in Fig. 223. This 




Figr 223. 



accounts for its faintness. The sun must be behind the observer, in 
the opposite part of the heavens from the raindrops. 

COLOR. 

Note. — Color in light is analogous to pitch in sound. [See 
Pitch.] 

Exp. 269. — In a dark room project the solar spectrum upon a 
screen. Along this spectrum, in the various colors, hold bits of 
colored paper. Observe also the color of white and of black paper. 
Retl is red only in the red light, etc. 

The Color of a body does not reside in the body 
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itself, but given white light falling upon a body, its 
color, as seen by the reflected light, depends upon the 
selective absorption of the body. If, for instance, it 
absorbs all or nearly all of the other colors, and reflects 
red in greater proportion than any of the other colors, 
its color will be some shade of red. If it reflects green 
in greater proportion than the other colors, its color will 
be some shade of green. If the body reflects much 
light and absorbs little, reflecting the colors in like pro- 
portions, the "color" is white. If the body reflects 
little light and absorbs much, absorbing the colors in 
like proportions, the " color " is black. Of course white 
and black are not strictly colors, but in a general and 
loose sense we call them such. 

Exp. 270. — Hold up a small piece of gold leaf, and look through 
it at the sun. It no longer looks yellow, but has a distinctly blue 
color. 

(6) A solution of fluorescene with a black paper behind it, is 
deep green; but held so that strong light shines through it to the 
eye, it becomes a decided yellow. 

Bodies seen by transmitted light often have an en- 
tirely different color from that which they exhibit when 
seen by reflected light. 

Certain of the colored rays are absorbed as they pass into the 
substance, the others emerging and giving color to the substance. 
Transparent bodies are colorless, if they absorb the colors in like 
proportions, otherwise they have the color due to the combination of 
rays which they transmit. Colorless transparent substances pulver- 
ized become white, and colored transparent or semi-transparent sub- 
stances become lighter when pulverized. With the diffused light 
reflected from pulverized bodies, come rays transmitted through the 
upper layers of the particles. 
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Exp. 271. — Mount a disk of "half-inch" board so that it may 
be whirled by means of a grooved pulley drawn by a grooved wheel. 

Place bright-colored paper about 
the marginal space as shown in 
Fig. 224. Place a dull white 
piece at the center. Whirl rap- 
idly. The colors blend into 
white (or gray which is white of 
a low degree of luminosity). 

(6) Place red, green, and vio- 
let pieces, covering with each one- 
third of the margin, and whirl 
again. White is produced. By 
varying the proportion of each, 
any given color of the spectrum 
may be produced. 




Fig. 224 



iI'?S^^> 



(c) Take any two colors stand- 
ing opposite in Fig. 224, and covering half of the margin with each, 
whirl very rapidly. White results as before. 

Complementary Colors are any two colors which will 
produce white light on mixing. Any two opposite 
colors in Fig. 224 are complementary. This method of 
"" mixing colors " depends upon the well-known fact 
that the sensation lingers for a very short time after the 
cause producing it has ceased acting. [See thauma- 
trope, etc., in cyclopedia.] Red, green, and violet are 
called Primary Colors, because they may not only form 
white light, but, by varying the proportions of each, 
they will produce any color of the spectrum. 

Two complementary colors placed near together 
heighten the effect by contrast, while non-complement- 
ary colors each lessen the effect produced by the other. 



Exp. 272. — Place in succession highly-colored circles of paper 
upon a background of white paper, and, holding in a strong light, 
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look at the circles steadily for a half-minute. Remove the colored 
paper quickly, and observe that the complementary color is in each 
case seen. 

The sensitiveness of the retina for any given color 
rapidly decreases with the lapse of time. When white 
light falls upon any portion of the retina, that has 
just been acted upon by any given color, the sensitive- 
ness for this color having been blunted, the comple- 
ment of the color is seen. 

Some eyes are abnormal in this respect, that they have little or no 
sensitiveness for certain colors. Usually the sensation of red is 
lacking in such eyes. This defect is called color blindness. [See 
Dr. Thomas Young's Theory, Vision in Physiologies^ and Le Conte 
on Sight.] 

Exp. 273. — Draw a cross on the blackboard, one line with yellow 
chalk and the other with blue chalk. Observe that at the crossing 
the chalk is green. 

The mixture of two colored pigments often gives a 
very different color from the mixture of the same col- 
ored lights. 

If we mix yellow light and blue light (Fig. 224), we get white, 
but a mixture of yellow pigment and blue pigment is green. In the 
case of pigments the explanation lies in the differential absorbtion 
an J reflection of each pigment. The yellow pigment absorbing the 
other colors reflects both green and yellow, the yellow overpowering 
the green. The blue pigment absorbing the other colors reflects both 
green and blue, blue predominating. The mixture reflects green. 
Why? 

Notes. — If through a piece of Iceland Spar a ray of light is 
passed by means of the porte lumiere, two rays emerge, one stronger, 
the other weaker. If we look through the spar at a period, we see 
two periods. This action of some crystals upon light is called 
Double Refraction* 

(6) If we take two plates of a nearly transparent mineral called 
tourmaline, properly cut, and, separating them by a short distance, 
rotate one plate parallel to and with its broad face opposite that of 
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the other, in two positions, when the lengths of the plates are at 
right angles, a ray of light fails to come through the two plates; in 
two other positions (lengths of plates parallel) the ray readily conies 
through hoth. The ray between the plates, that is, after passing 
through one plate, must be in a peculiar condition different from its 
condition before. Such light is said to be Polarised Light* The 
vibrations in two of the four right-angled directions are supposed to 
have been stopped by the first plate. If the second plate is so placed 
as to stop the vibrations in the remaining two directions, the ray is 
destroyed. Light may be polarized by reflection as well as by 
transmission. Objects viewed by polarized light are often readily 
distinguished, which would be otherwise distinguished with difficulty. 
[See polarization in college text books.] 

(c) Coat with India ink on one side a strip of window-glass, and, 
when dry, rule it finely with a needle. Looking through this glass 
at an illumined slit we see several spectral images of the slit. 
These are caused by the interference of the light rays. [See Inter- 
ference under Sound.] We may produce a spectrum by reflecting 
light from a finely ruled reflector, having several thousand rulings 
to the inch. This formation of a spectrum by interference of light 
is called Diffraction* A spectroscope producing its spectrum in this 
way is called a Diffraction Spectroscoi)e. This spectrum, however, 
differs in several important respects from that produced by a prism. 

QUESTIONS. 

1. Define radiant energy, ray, ti:ansparent, diathermanous, 
shadow, visual angle, real image, principal focus, conjugate foci, 
critical angle. 

2. Explain by diagram the shape of the earth's umbra, remember- 
ing that the sun has a diameter immensely larger than that of the 
earth. 

3. How did Roemer discover the velocity of light ? 

4. Two lights, A and J5, equally illumine a j^oint between them 
one-third of the distance from AtoB, ^ is a 25-candle power light; 
what is the power of J5 ? 

5. A 5000-candle power electric light stands 2000 feet from a 16- 
candle power gas-jet. At what point between them do they produce 
equal illumination ? 

6. Reflect (diagram) three incident rays from a plane mirror. 
(6) From a concave mirror, (c) From a convex mirror. 
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7. Trace a ray of light obliquely through the following, dotting 
the perpendiculars, and exaggerating somewhat the amount of bend- 
ing: a plano-convex lens, a double convex lens, a plano-concave 
lens, a prism. 

8. Trace a ray of light through a double convex lens (section 
large) of crown glass, fixing its directions accurately. Use \ as the 
index of refraction. 

9. How would you find the inde^ of refraction for coal oil ? 

10. Why does water ** looked at obliquely" seem less deep than it 
really is ? 

11. If a man looks obliquely into the water at a fish, does he see 
the fish ^' in the right place " ? (b) Does the fish see the man in the 
right place ? Explain by diagrams. 

12. Explain by diagram an instance of total reflection. 

13. Explain spherical aberration. How is it corrected ? 

14. In what way does the image which the photographer pro- 
duces with his lens differ from that produced by the projecting lens 
of the "lantern"? 

15. What is chromatic aberration, and how is it corrected ? 

16. In what three ways does radiant energy directly manifest 
itself ? 

17. What are Fraunhofer's lines? (b) How do astronomers 
know that a star is moving towards us ? 

18. In what respects does the telescope differ from the compound 
microscope ? 

19. Select five experiments of this chapter for which the com- 
ments exceed the proof offered by the experiment, (b) Select one 
which proves more, or at least suggests more, than is found in the 
comments. 

20. Suggest one experiment of your own originating, which might 
be substituted for one in this chapter. (6) Suggest one which you 
have read in some other book. 

21. Under what circumstances might one see a " rainbow " while 
sprinkling the lawn ? (6) What kind of a rainbow would it be pos- 
sible to see from the summit of a high mountain ? 

22. Why is the secondary bow fainter than the primary ? 

23. In a strict sense is white or black a color? Why, or why 
not? 

24. What are Complementary Colors ? What besides white may 
be produced by mixing the Primary Colors ? 
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CHAPTER XVII. 
SOUND. 

Notes. — The word sound, like the word light, is used in two very 
distinct senses; (1) as a cause, in which sense it is equivalent to 
sound-waves, and (2) as an effect or sensation. As a cause, Sound 
may be defined as a vibratory motion capable of affecting normally 
the auditory nerve. As an effect, Sound is the sensation received 
normally by the auditory nerve. So easily are these two meanings 
of the word distinguished, that writers often use the word sound in 
the same paragraph in both senses. (6) That department of physics 
which treats of sound when considered separately is called Acoastics* 
(c) With reference to Sound the word elasticity is used strictly in the 
sense of elastic force, and never in the broader and looser sense of 
the property of "returning." The "return" in volume, form, and 
force even, may be ever so complete, if the force involved in the re- 
turn is small, the elasticity is small, (d) By the vibration of a pen- 
dulum is meant a simple vibration, or a single swing from one end of 
the arc to the other. In sound by a vibration we mean a complete 
vibration, or the motion of the particle in the time comprised be- 
tween two successive passages of the particle through the same point 
in the same direction. 

Exp. 274. — Hold a lead pencil by one end, and swing the other 
end through an arc at first slowly and then rapidly. (6) Repeat in 
front of the ear. (c) Stretch a violin string or wire taut between 
two screw eyes. Pluck it strongly with the fingers, and look down 
upon it while it is emitting sound, (d) Strike one prong of the tun- 
ing fork against the table, and while it is emitting sound, touch the 
prong to a card held against it. (e) Strike the fork again with con- 
siderable force against the table, and touch one prong to the surface 
of water. (/) Strike again, and look sharply edgewise at the 
prongs against any convenient background, (g) Bring the prong 
while sounding against the tip of the finger or tongue. 
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All Sound may be traced to some vibrating body as its 
source. This body, or segments of it, must be vibrat- 
ing with a certain degree of rapidity in order to pro- 
duce a disturbance in the conducting medium (usually 
air), capable of affecting the auditory nerve. Bodies 
emitting sound are called sonorons bodies. 

Exp. 275. — Set one end of a brass or steel rod into a vise, and, 
pulling it aside, set it free, (b) Rosin a small piece of cloth, and, 
grasping the rod firmly with the cloth, give a quick rubbing stroke 
downward. Listen for any sounds which it may emit, (c) Suspend 
the rod from a vise, and upon the lower end clamp a heavy stick. 
Twist and set free. 

Vibrations in solids may be transverse, longitudinal, 
or torsional. They may be rapid enough to produce 
the harmonic motion called sound (sound-waves), or 
slow enough to fall to the grade of harmonic motion 
represented by the pendulum. 

Exp. 276. — Pluck a stretched string or wire gently, observing 
the width or amplitude of the vibration, and the loudness of the 
sound. Pluck again vigorously, and observe as before. (6) Divide 
one sheet of paper so as to take one-half and one-quarter of it. 
Grasp by one side, and shake successively the quarter-sheet, the half- 
sheet, and the whole sheet, causing each to " crackle." Observe 
which produces the loudest sound, (c) Hold a watch to the ear, 
and observe how rapidly the sound decreases in loudness as it is 
removed. 

The mechanical intensity of sound varies as the 
square of the amplitude of vibration of the sonorous 
body, approximately as the area of the vibrating surface 
in contact with the conducting medium, and inversely 
as the square of the distance from the sonorous body. 
The intensity of sound is greater if the density of the 
gaseous medium surrounding the sonorous body is 
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greater. One must speak "softly" in a diving-bell, 
and " louder " upon the mountain-top. Loudness of 
sound, or the sensation effect, shows only very roughly 
the intensity. 

Exp. 277. — Prepare a framework about 15 dcm. long and 8 dem. 
high, Fig. 225. Prepare three dozen lead bullets about 1 cm. in 

diameter by driving 
double-pointed tacks 
into them and pre- 
paring very short S- 
shaped hpoks to hang 
them on. Suspend 
each by a double 
thread falling from 
screw-eyes, so that the 
distance -4 is 2 cm., 
and the distance B 
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1 cm. Tie the adjacent threads, suspending adjacent balls by hori- 
zontal loops a, b, etc. (rendered loose by tying into each a knitting- 
needle, and afterward withdrawing the needle). Slip these loops 
down evenly ; the nearer they are to the balls the greater the force 
which resists any disturbance of the balls. This force corresponds 
closely to elasticity, the balls representing molecules. With two very 
slender elastics, EJ^, tie back each side to rods upon which the 
elastics slide, till the pendulum P hangs at the center of the first 
tied loop on the right. By means of extra screw-eyes, shown on the 
front of the top part of the frame, adjust the balls till they are pre- 
cisely level. Below place a hinged strip of board about 1 dcm. wide 
for a "damper," which may be raised to stop the balls. A narrow, 
movable, straight-edged strip of board resting on supports at two 
diflPerent heights, the second about 4 cm. above the first, will assist 
in keeping the loops level in two different positions. Take hold of 
the first right-hand loop and suddenly swing it out and back once at 
right angles to the line joining the balls. A disturbance similar to 
the water wave passes from the right to the left through the appa- 
ratus. Notice that each ball moves roughly at right angles to the 
line of progression of the disturbance, with a slight rotary motion. 

1 Modified from apparatus in Stanford UniTersity physical laboratory. 
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Stop the motion with the damper, and repeat, studying the motion 
which represents in most essentials the water wave. 

(6) Take hold of the first loop on the right and give it a quick 
motion to the left, and back again. Watch the progression of the 
disturbance through the apparatus. Remembering that the balls 
represent molecules, and the force with which the loops hold them 
in position represents elasticity, repeat. Time by counting the ticks 
of a watch while the disturbance is passing. Take no note of the 
tremulous disturbance passing in advance over the strings, but time 
the disturbance as it passes through the ball, till a quick backward 
movement takes place in the ball next to the end ball on Ihe left. 
This indicates that the disturbance has crossed, and has just started 
to return. Set down the number of "ticks" to compare with (c) 
and (d). 

(c) Raise the loops to the second position, as shown by the guid- 
ing strip of board. This decreases the force (elasticity) with which 
the balls resist a disturbance. Repeat (6), timing as before. The 
disturbance progresses much more slowly, as shown by the number 
of '* ticks." [Loops and elastics should be at the same level.] 

(d) Bring the loops to the lower level as at first. Unhook the 
lead balls, and hang in place of each as removed a light glass bead 
of the same size. This may be prepared by plugging with cork, and 
inserting a hook made of fine copper wire to hang from the S-shaped 
hooks. This changes the density of the material through which the 
disturbance is to pass. Press the loops still farther down till the 
strain upon them (elasticity) as shown by the elastics is about as in 
(6). Repeat (6). 

The water-wave travels by a series of crests and 
troughs, Sound-waves travel by a series of condensa- 
tions and rarefactions. The molecules of the water over 
which the wave is passing vibrate roughly at right 
angles to the line of progression of the wave. The 
molecules of a substance, solid, liquid, or gas, through 
which a sound-wave is passing, vibrate parallel to the 
line of progression of the wave. 

Other conditions remaining the same, Sound travels 
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more rapidly as the medium through which it ti-aveLs 
becomes more elastic or leas dense. Physicists have 
demonstrated that the velocity of the sound varies as 
the square root of the elasticity and inversely as the 
square root of the density of the transmitting medium. 

In Fig. 226 is represented graphically the action upon the mole- 
eulea of the air (or other medium), aa a sound-wave passes out from 



Ply. 22a. 

IS body S. The vibrating body strikes the air, producing 
a condensation, and then immediately rebounds, producing a rare- 
faction. The closer parallel curves show the condensation, and the 
parallel curves farther apart the rarefaction. The law of intensity 
is easily seen from the cut. The surface layer only of the sphere 
strikes the drum of the ear E, and the surface of spheres are to each 
other as the squares of their radii. " Speaking-tubes " prevent the 
wave from expanding, and therefore the energy involved, being ex- 
erted in the forward direction only, propagates the disturbance with 
much less loss of intensity. A stick of timber or rod of metal 
operates like a speaking-tube, a scratch or blow upon it at one end 
being heard very distinctly at the other end. 

Exp. 278. — Find the velocity of sound in air. Prepare a seconds' 
pendulum. On some morning when there is no perceptible wind, 
take a station with hammer and an " anvil " of some sort. Attach 
to the hammer a white object, as a lai^e card, and secure a proper 
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background, that an assistant at a distance may observe, as well as 
hear, the blows. Strike the anvil regularly as the pendulum com- 
pletes its stroke. Let the assistant go farther and farther away 
till he hears any single blow just as the next blow is struck. Measure 
the distance in feet. If this experiment be performed in the cool 
air of a frosty morning, and in the heated air of the early afternoon, 
it will be found that the assistant stands a little nearer in the after- 
noon. Care must be taken that the wind does not interfere with the 
experiment. The passage of light over so short a distance is practi- 
cally instantaneous. 

The velocity of sound in air at 0° C. is 1,090 feet per 
second ; and this velocity increases by about one foot for 
each Fahrenheit degree, or about 1.8 feet for each centi- 
grade degree. At ordinary comfortable temperatures, 
therefore, the velocity of sound in air is about 1,120 
feet per second. Variation in the barometer does not 
affect the velocity, as according to Mariotte's Law the 
elasticity (JP) increases or decreases in the same pro- 
portion as the density (Z^), when pressure is increased 

or decreased, and V being equal to i/— . ? the quotient 

V remains the same, whatever the height of the 
barometer. 

The velocity of sound in water is about 4,700 feet per second, in 
iron about 16,820 feet. Although the density of each of these is 
vastly greater than that of air, and so far as the factor of density 
goes, the velocity should be less, yet the elasticity is greater than 
that of air in far greater proportion. [For JBnding the velocity of 
sound in glass, brass, iron, etc., see laboratory manuals and college 
text books.] 

Exp. 279. — Arrange two pendulums to vibrate in the same time. 
Hang from the same frame one shorter and one longer pendulum. 
Set one of the two equal pendulums vibrating in a long arc. Which 
of the three remaining pendulums is most disturbed by the vibra- 
tion? The greater vibration in this one is called a sympathetic 
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vibration, and the lesser vibrations in the two others are called /orced 
vibrations. 

(&) Sound the tuning-fork and touch the handle to a dry board 
(sounding-board), or to the top of the table. Vibrations are forced 
in the board, being communicated through the handle. 

(c) Raise the damper from the strings of the 
piano, and sound slowly several notes successively 
close by the instrument. Listen each time for a 
response. When you give the same tone as any 
given string gives, there is a loud, sympathetic re- 
sponse from the string. 

(d ) Sound a tuning-fork above a resonance tube. 
Fig. 227, Inuring in water gradually till a loud 
sound is produced by the resounding of the tube 
of air. 

(e) Observe on some picnic how much more 
difficult it is to hear a speaker in the open air 
Fig, 227. than to hear one in a closed room. 

fie-enforcement of sound is usually secured: — 

1. By Forced Vibrations in solids. 

2. By Sympathetic Vibrations in solids, or in par- 

tially closed columns of air. In this latter 
case the re-enforcement is called Resonance. 

3. By Reflection. 

A reflected sound-wave is shown at various stages of progress in 
Fig. 228; the advancing wave in dotted lines, and the reflected wave 
by continuous lines. Just as the 
eye cannot distinguish two simi- 
lar flashes of light, if they occur 
within a minute fraction of a 
second of each other, but con- 
siders the flashes one ; so the ear 
cannot distinguish a sound from 
its reflection, if the reflected 

sound reaches the ear within a sufficiently short interval after the 
direct sound. This interval varies slightly, as we would suppose, 
for different persons, being, however, in all cases, some small frac- 
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tion of a second. When the reflecting surface, like the walls of an 
ordinary room, is sufficiently near, the reflected sound blends with 
the direct, and thus re-enforces the original sound. If the reflecting 
surface is so far away that the reflected sound is distinguished by the 
ear from the direct sound, an echo is produced. An echo, then, is 
a sound that comes by reflection, too late to re-enforce the original 
sound. Multiple echoes are produced by parallel walls far apart, as 
the abrupt shores of the celebrated " echo lakes," or by reflections 
one after the other from separate reflecting surfaces. In large 
assembly halls the echoing is largely overcome by breaking up the 
reflecting walls by woodwork, flrapery, etc. The ** resounding" and 
** reverberating " of the hills is caused by the resonance of the par- 
tially confined air of the canyons or valleys, and also because of the 
multiple reflections from hills to hills, hills to clouds, clouds to 
hills, etc. 

Exp. 280. — Mount two mirrors, M and M ', Fig. 229, about 8 dcm. 
apart, and accurately facing each 
other. Suspend a watch at the 
focus F of one, and hold a piece 
of rubber hose, one end to the 
ear E^ and the other end facing 
the mirror M at the focus F\ 
The watch is heard ticking very 
distinctly if the experiment is 
carefully performed. Regularly 
curved tins prepared by a tin- E 
smith will answer for mirrors. 
The front of the advancing sound- 
"wave lies in a convex surf ace (Fig. 226), between the watch and the 
first mirror. Between the two mirrors it lies in a plane surface; and 
between the second mirror and the end of the rubber tube the front 
forms a concave curve, converging its energy to the focus. [Fig. 228.] 

(6) Fill a toy balloon with carbon-dioxide, and, using this for a 
double convex lens, hang a watch on one side of it, and, placing the 
ear on the other side, find a point where the ticking is heard more 
distinctly than elsewhere. 

(c) A hot ball at F will cause a thermometer at F'^ to " rise " 
higher than a thermometer at an equal distance at the side. [Exp. 
148 and comments.] 
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Sound, as well as radiant energy, may by reflected to 
a focus by a mirror, and refracted to a focus by a lens. 

** Whispering galleries^* are coRstructed on the principle shown in 
Fig. 229. If the reflectors were large, and were properly made and 
adjusted, a person at F, speaking very low, might be heard distinctly 
by a person at F\ and rice versd, across a large assembly-hall from 
gallery to gallery. Sound cannot be advantageously refracted by a 
lens, because most of the energy involved is lost by reflection. [See 
"ear of Dionysius," speaking-trumpets, ear-trumpets, etc., in cyclo- 
pedia.] 

Exp. 281. — To measure the wave-length. This is the distance 
between the center of one condensation and that of the next con- 
densation in the transmitting medium. [See Fig. 226.] It is the 
distance traversed by the wave during one vibration period of the 
sounding body. This must not be confounded, as is often done by 
beginners, with the amplitude of vibration of the sonorous body, 
B to C, Fig. 227. Over a resonance tube about 4 cm. in diameter. 
Fig. 227, sound a tuning-fork, and adjust carefully the length of the 
air column B Sbj drawing out or pouring in water, with a pipette. 
When the loudest resonance is obtained, measure the distance A S, 
This is approximately one-fourth cf the wave-length. The condensa- 
tion must pass down to the surface £•, and be reflected so as to join 
the upward motion of the fork at A, The wave passes from ^ to 5 
and returns while the prong is making one-half of a vibration. 

(6) Use a tuning-fork of higher pitch, and observe that the 
resonance column must be shortened ; or of lower pitch, and notice 
that the column must be lengthened. 

(c) To find the vibration-number of 
a tuning-fork, that is, the "vibration- 
frequency," or the number of vibrations 
per second. Attach with a little wax a 
fine bristle, C, Fig. 230, to one prong of 
a tuning-fork, and also one to the lead 
bob of a short pendulum P, beside which 
the fork is firmly suspended. Time the 
pendulum accurately, finding by counting 
for one minute the fraction of a second 
required for a single vibration. Prepare 
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a long and narrow piece of glass, A B, by covering with fine flour 
sprinkled from a tin box, over whose mouth a paper perforated 
with fine pin-holes has been tied. Place the glass beneath, and 
adjust so that the two bristles just touch the glass. Swing the pen- 
dulum, and strike the fork with a small wooden hammer. Push the 
piece of glass along with a steady movement till it passes beyond 
both bristles. Count the sinuosities produced by the fork between 
any two strokes of the pendulum, remembering that we mean by 
a vibration of a sonorous body a complete vibration. Compute the 
number of vibrations per second. 

The waye-lengths in air may be found approximately 
by multiplying the length of the air column giving the 
best re-enforcement, by four. Vibration-number, wave- 
length, and velocity are manifestly related as shown by 

the equation — ^ 

W = - 

N 

in which W is the wave-length, V the velocity, and N 
the vibration-number. Any two, therefore, of these 
being given, we may find the third. 

Exp. 282. — Cover the plate of the air-pump deep with soft wool 
(or cotton), and upon the wool set a small alarm clock, which you 
set to *'go off " as soon as the air is exhausted. The sound is very 
faint. 

Sound cannot pass through inelastic media. Sound 
cannot travel in a " vacuum." No sounds can reach 
us from the sun, though at the sun the explosions are 
terrific beyond comparison with anything which the 
earth can produce. No vibratory motion could travel 
in an absolute vacuum; and as light is a vibratory 
motion, and comes to us from the sun, the " vacuum " 
between us and the sun cannot be absolute. Ether fills 
this " vacuum," but sound cannot travel through ether. 
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£xp. 283. — Drop two bullets into a tub of still water, and, with 
properly adjusted light, watch carefully the enlarging waves as they 
meet. Along certain lines where the crest of the wave produced by 
one bullet meets the trough of the other waye, the water is level. 

(6) Sound the tuning-fork, and rotate it upon its longitudinal 
axis in front of the ear, or above the resonance tube of Fig. 227. 
Along the diagonals the condensation produced by one prong of the 
fork meets the rarefaction produced by the other prong. The two 
sound-waves along these lines interfere and destroy each other so 
that no sound is heard. 

Water-waves are destroyed by interference when the 
crest of one wave meets the trough of a like wave. 
Sound-waves are destroyed by interference when the 
condensation of one wave meets the rarefaction of a 
like wave. A study of Fig. 226 will make clearer the 
phenomenon of interference. 

That light is propagated by a vibratory motion is considered 
proven by the fact that we may easily produce interference of light 

by placing a plano-convex lens of 
long focal distance upon a lev^l 




Fig. 231. plate, and introducing a colored 

ray, for instance, yellow, as shown 
in Fig. 231. Alternate circles of light and darkness appear, because 
of the meeting by reflection of the vibratory motion in unlike 
phases. If white light is used, the interference produces prismatic 
colors. These colors are easily produced by pressing together very 
firmly two pieces of glass in a strong light. [See Note at the begin- 
ning of Chapter XVI., and Diffraction.] 

Exp. 284. — Mount upon a smaller circle of 
wood a stout circular card 3 dcm. in diameter, 
through which, about the edge, holes 2 cm. 
apart and 5 mm. in diameter have been cut by 
a " cork-borer." Clamp a glass tube of cross 
section equal to that of one of the holes, and 
half closed by melting at the end, so that the 
tube points horizontally at any hole, just clear- 
ing the disk. Connect a rubber tube to the other ^*^' ^®^" 
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end, through which to blow. Turn the mounted disk, increasing the 
speed while blowing through the holes. Observe the rise in pitch after 
the puffs have increased in frequency sufficient to produce a musical 
tone. 

(&) Turn a given number of times per minute, and then double 
the number of times, timing the turns by two pendulums. Notice 
that the difference in pitch is an octave. 

Pitch depends upon the rapidity of the vibrations. 
If the vibrations per second are greater, the pitch is 
higher. Such an apparatus as is shown in Fig. 232 is 
called a siren. Mechanism for revolving the disk 
steadily and for automatically counting the revolutions 
is attached. The tone of the siren is brought into 
unison with the tone whose vibration-frequency is to be 
measured, and the disk is then revolved for one minute. 
A simple multiplication of the revolutions into the num- 
ber of holes, and this product by 60, gives the pulses, 
or vibrations per second. An octave is produced by 
double the number of vibrations, or by one-half the 
number of vibrations which produce the given tone 
from which the octave is measured. 

Exp. 285. — To a dry sounding-board fasten two heavy blocks of 
wood, C, E^ Fig. 233, a little longer than the board is wide, that they 
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may be screwed to the table conveniently. Fasten two triangular 
strips, A and JB, to the board, three feet apart from apex to apex. 
With a spring balance at 2), stretch a spring brass wire (No. 22) 
between the tension pegs G and F^ till the balance shows a tension 
of from six to eight pounds. The apparatus is called a sonometer. 
Using a square, and measuring along the string from B, but working 
from A towards B, mark oflf upon the sounding-board below {, |, J, 
§» i» A» and i of the string. Pluck the string with the right hand, 



262 



ELEMENTS OF PHYSICS. 



near B^ obsenring its tone as the whole yibrates. With the left hand 
grasp the string near A^ leaving f of it free to vibrate, and sound 
again. Repeat successively, leaving |, |, etc., free. The eight notes 
of the Gamut or Diatonic Scale are heard. 

if)) Stretch two precisely similar wires side by side, and place 
upon the second a tension four times as great as upon the first. 
Adjust carefully, jarring the apparatus so that friction may be ruled 
out as much as possible. Run through the octave again upon the 
first, and immediately sound the second. It should be in unison 
with the note given by one-half the first. 

(c) Stretch two wires of the same material, but one having twice 
the diameter of the other (Nos. 22 and 16 about). Place equal ten- 
sion upon each, and, running through the octave upon the heavier, 
immediately soimd the lighter string. Half the first should be in 
unison with the whole of the second. 

Law of Strings. The vibration-numbers of strings 
of the same material vary inversely as the lengths^ directly 
as the square root of the tensions^ and inversely as the 
diameters. 

To raise the pitch of a string one octave we may reduce its length 
one-half^ or we may make the tension four times as great, or we may 
reduce its diameter one-half, in each case leaving the other condi- 
tions the same. To lower the string one octave we may double the 
length of the string, or reduce the tension to one-foiuth of the origi- 
nal tension, or make the diameter twice as great, other conditions in 
each case remaining the same. 

Taking the vibration number of middle C as 256, as is usually 
done by physicists, we have for the Diatonic Scale ; — 
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In German instruments the vibration-number of C is taken as 
264. Often in this country 261 is taken. The so-called " concert- 
pitch" assigns about 269 to C. These assignments of course vary 
the other numbers of the scale, the vibration-ratio remaining the 
same in all cases. As the table shows, the intervals are by no means 
equal. Into the longer intervals of the scale in the process of equal 
"tempering" are introduced five additional notes, called "sharps" 
of the note below or "flats" of the note above. The original eight 
notes are also slightly adjusted as to their vibration-numbers. This 
scale is called the Chromatic Scale. The five black keys of each 
octave of the piano represent the interpolated notes. 

Exp. 286. — Upon the string AB^ Fig. 234, hang riders (narrow 
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strips of paper bent at the middle) at B, N\ and i?', N' being one- 
third of the way along the string from A towards B. Touch the 
string at N one-third of the way from B with the " rubber end " of 
a pencil, and pluck the string gently a number of times near U, in- 
creasing gradually the disturbance till the riders B and B' jump off. 
The two points, N and N\ which are comparatively at rest, are called 
nodes, and B and B% the points having the greatest energy of vibra- 
tion, are called antinodes. 

(h) Divide the string similarly into four vibrating segments, ob- 
taining three nodes as shown by attaching additional riders. 

(c) Pluck the string at the center, and listen for a strong lower 
tone, and as the sound dies away for less intense tones of higher 
pitch. 

The tone produced by a string vibrating as a whole 
is called the Fnndamental Tone. The tone produced 
by any vibrating segment of the string is called an 
Overtone. It is impossible to produce the fundamental 
tone without at the same time producing overtones. 
By skill in applying the disturbing force we may 
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enfeeble the fundamental tone and strengthen the 
overtones, or vice versd. This may be done witliout 
damping the string and forcing a node, as in the 
experiment. If the vibration-number of an overtone 
is a small multiple of that of the fundamental tone, or 
of another overtone, as two times, three times, four 
times, etc., the tones blend pleasantly, and the higher 
tones are called witii reference to the lower Harmonies. 
If a performer exercises skill in applying the dis- 
turbance so as to enfeeble the fundamental tone and 
strengthen the "blending" overtones of Jiis instrument, 
he is said to be playing " in harmonics." 

When three notes whose vibration-numbers are as 4: 5 : 6 (C, E, G, 
or do, mi, sol) are sounded together, the harmonic combination is 
called a major triad ; and if four notes whose vibration-numbers are 
4:5:6:8 (C, E, G, C, or do, mi, sol, do) are sounded together a 
major chord is produced. [See minor chord and harmony in larger 
works.] 

Exp. 287. — Bore a hole through the center of a thin piece of 
glass, Fig. 235, about one foot square, and mount upon a block of 

hard wood by means of a long screw. Put a 
lead washer below the glass and a lead and 
a brass or copper washer above. See that the 
surface is perfectly level. From a tin can cov- 
Flfir. 235. gj^^ ^j^j^ ^ stout paper perforated in many 

places by pin-holes sprinkle fine sand upon the plate. Forcing a 
node by touching the plate with a pencil at a point about half way 
from the margin towards the center, set the plate in vibration with 
an old violin bow. Observe the nodal lines and roughly the pitch of 
the tones. 

(6) Brush off the sand, and cover again as before. Force a node 
at a different point, and observe the nodal lines. Is the pitch higher 
or lower ? Are the vibrating segments larger or smaller than before ? 
[See Chladni^s Figures in larger works.] 
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The fundamental tone of a plate or bell is given 
when it vibrates in four segments. The smaller the 
vibrating segments the higher the pitch of the over- 
tones. Many of the overtones of the plate are not 
harmonics. All of the intense overtones of a fine- 
toned " chiming-bell " are harmonics. 

Sounds of excessively high pitch, and therefore overtones of the 
same pitch, are disagreeable to the ear, especially if the intensity is 
great. For example, the sound when a stick of chalk is drawn 
against the board at an angle of nearly 90° is at once protested against 
by every one present. Sounds of extremely high or of extremely 
low pitch (vibration-frequency great or small) become inaudible, 
just as rays of radiant energy of extremely high vibration-frequency 
(above the violet), or rays of extremely low vibration-frequency 
(below the red), become invisible. Indeed, color in light corresponds 
precisely to pitch in sound, the violet corresponding to high pitch, 
and red to low pitch. Different ears vary, as we would suppose, in 
their appreciation of pitch. It is not a very uncommon thing to 
find a man who cannot "hear the cricket" because of the extremely 
high pitch of the sound, nor again to find a man who cannot hear 
the rumble of distant thimder because of the exceedingly low 
pitch. 

Exp. 288. — Make a wind instrument about 8 dcm. long of thin 
dry wood. Let the cross section inside be about 4x4 cm. Prepare 
a plug P, Fig. 236, covered 
with soft leather, carefully 
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fitting the tube of the in- 

strument and attached 

firmly to a handle. Sound 

the closed pipe, blowing ®* 

with just sufficient force to produce a clear tone. Open the pipe, 

and sound again a clear tone. Observe the difference in pitch. 

(h) Tune the string of Fig. 233 so that its fundamental tone is in 
unison with the wind instrument when the plug is inserted a short 
distance. Rule a line on the handle guided by the end of the tube. 
Call these unison notes the key-note, or Do. Sound Re on the string 
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and push in the plug till the tones are again in unison. Mark again 
upon the handle the distance. Kepeat till all the notes of the octave 
are sounded. Eemove the plug, and observe the intervals as marked 
upon the handle. Compare the relative sizes of the intervals with 
those upon the sounding-board beneath the string. 

(c) Without changing the plug, blow gently and then somewhat 
violently, observing the difference in pitch. 

Wind Instraments are instruments inclosing more 
or less completely columns of air. These columns are 
thrown into vibration by pulses of air thrown across an 
opening at one end, or by the vibration of reeds at one 
end. An open pipe gives as its fundamental a tone one 
octave higher than a closed pipe of the same length, or 
the same tone as a closed pipe of one-half its length. 
In both closed and open pipes the vibration-number is 
inversely proportional to the length of the pipe, the 
law being the same as for strings. To produce ton^s 
of the best quality, however, the cross section must 
increase with the length of the pipe. 

The fundamental note of a closed pipe is produced with a node at 
the closed end, while that of an open pipe is produced with a node 
at the center end and antinode at each end. This may be shown by 
lowering a thin disk carrying fine sand down into the pipe while it 
is sounding its fundamental note. In instruments of which the fife 
is a type, the column of air is shortened by opening holes from one 
end towards the other. The notes of the second octave in the fife 
are produced by skillfully blowing so as to set the air column vibrat- 
ing in shorter segments; that is, the second octave is played **in 
harmonics." 

Exp. 289. — Sound the string of Fig. 233 vigorously, and lessen 
the tension while it is sounding. A discordant, " groan-like " sound 
is heard. 

(6) Strike two adjacent keys of the piano and hold them down, 
listening to the varying intensity of the resultant sound, or 
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(c) Attach a piece of wax to one prong of the tuning-fork. This 
will retard the motion of this prong. Sound the fork upon a sound- 
ing-hoard. V 

Beats are heard when two sounds are produced hav- 
ing their vibration-numbers different by a small but dis- 
tinctly perceptible amount. The two condensations at 
first coming together cause an outburst of sound, and 
then the condensation produced by one meets the rare- 
faction produced by the other, causing a great weaken- 
ing of the sound. Beats are characteristic of discordant 
sounds, and they are produced by a species of inter- 
ference. 

The action is precisely similar to that of two water waves of dif- 
ferent wave lengths, and consequently of different wave-frequencies 
(vibration-numbers), advancing over the same surface. Part of the 
time the two waves would meet in like phases and the two crests 
would make a higher wave, and part of the time the two waves 
would meet in unlike phases and .the crest of the smaller would 
partly fill the trough of the larger. 

One sound can differ from another sound only in 
three respects : — 

1. In Intensity. 

2. In Pitch. 

3. In Quality. 

The intensity and pitch of the fundamental tone being 
the same, the Qnality of any sound depends upon the 
number, kind, and relative intensity of the overtones 
present. 

For instance, if a flute and a fife should sound one after the other 
a tone of the same fundamental pitch and intensity, the two notes 
could be instantly distinguished by the quality of the soimd. We 
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Fig. 237. 



usually distinguish voices as well as instruments by their quality. 

If the pitch of a person's voice is exceptionally high or low, we 

sometimes recognize the voice by the pitch. 

Helmholtz proved by very interesting experiments the nature of 

quality in sound, and showed, for Instance, that the notes of the 

flute are far *' richer in harmonics " 
than those of the fife. By means 
of a series of metallic resonators, 
Fig. 237, from large to small, we 
may analyze sound waves. The 
end E is placed at the ear, and the 
sound wave entera at S, causing 
the resonator to resound with a 
sympathetic vibration whenever 
the overtone in unison with the 
fundamental tone of the resona- 
tor is present in any note. Such 
resonators are called Helmholtit's 
Resonators* The ** resounding'' 
of shells placed to the ear is 

caused both by true resonance, and by multiple reflections of sounds 

inaudible to the unaided ear. 

Exp. 290. — Place the fingers upon the larynx, and sound first a 
high note and then a low one. The larynx is first raised and then 
depressed. Why ? 

(b) Examine the vocal cords from some animal (cat, dog, or. 
sheep) after the "false vocal cords" above have been cut away. 
The tendon-like chords (conventionalized as AB 

and CD in Fig. 238) have membraneous attach- 
ments (shown by the ruled lines) covering on 
each side the orifice opening upward from the 
lar3rnx. The central opening is called the glottis. 

(c) Examine the middle and internal ear in 
some animal, and also cuts of the human ear 
in some physiology. 

The Yocal Chords situated at the top of the 
larynx are the essential organs of the voice, the 
pharynx and mouth operating as a resonance tube. By muscular 
action these chords may be placed under greater or less tension. In 
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different individuals they may be longer or shorter, "heavier or 
lighter," or stretched with greater or less force. Cultivation of the 
voice in music consists principally in improving its quality, that is, 
in acquiring skill to produce from the vocal chords more numerous 
and more agreeable overtones to blend with the fundamental 
tone. Mechanically the vocal apparatus is a reed instrument^ and 
the middle ear is a drum. The receiving membrane of this drum 
vibrates with sympathetic or forced vibrations, and communicates 
these vibrations to a second membrane. Between these two mem- 
branes the drum has a vent to the pharynx through the Eustachian 
tube. 

Exp. 291. — Fasten a linen thread to the bottom of two tin cans, 
or connect them by a fine wire. Fig. 239. The thread or wire C 
transmits readily the sound wave 
entering A^ reproducing similar 
sound waves in the air at B, Pig. 239. 

In the " acoustic telephone '' sound is transmitted over the wire 
or connecting thread by the ordinary series of condensations and 
rarefactions. 

Exp. 292. —Make the delicate galvanoscope more delicate by 
placing the north-seeking pole of a bar magnet north of the needle, 
and bringing it "end on" as near the needle as possible without 
causing it to swing. This weakens the earth's force lines by pro- 
ducing force lines in the opposite direction. Wind about a round 
bar magnet at one end several hundred turns of fine copper wire, 
and at a distance of at least one meter attach the galvanometer 

G, Fig. 240, covering it 




A 




__^_^^ — - — . with a glass case to pre- 

^ Q vent drafts of air. Bring 

a piece of soft iron A 



suddenly against the 
Fiff. 240. magnet. The needle 

should turn very slightly. The force lines are drawn forward to the 
soft iron and thus more of them thread the coil, giving an induced 
anti-clockwise current. Withdraw suddenly the armature A^ a cur- 
rent passes in the opposite direction. 

(6) Prepare two thin sheets of tin-type iron (diaphragm), A and 
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B, Fig. 241, and set them very near and in front of two fixed bar 
magnets after winding the magnets as before. Connect the wires so 

that an anti-clock- 
A 



I' 
'I'l II 

lilr 



: 



E 



Pig. 241. 




wise current (look- 
ing in the direction 
of the force lines 
running through 
the magnet) about 
the magnet at A shall pass around the magnet at B anti-clockwise 
strengthening the pole at B. Let the soft iron diaphragm rest upon 
wooden supports so that though very near they shall not touch 
the magnets. Let some one strike very gently with a pencil the 
diaphragm A, while you listen with the ear near B. 

(c) Examine the receiver of the Bell Telephone, Fig. 242. 



The Bell Telephone is an apparatus for producing 
secondary sound 
waves in the air at 
a distance from the 
primary sound waves 
by means of electri- 
city. The sound does 
not pass over the ^*^* ^^^' 

wire, but an induced current passes. This current is 
an effect with respect to the speaking end, and a cause 
with respect to the hearing end. 




The processes of telephoning may be stated as follows : — 

1. The vocal chords of the speaker vibrate. 

2. This vibration produces sound waves in the air. 

3. These sound waves striking the diaphragm cause it to vibrate. 

4. As the diaphragm swings nearer the magnet more force lines 
are drawn forward through the coil to return to the south-seeking 
pole through the soft iron, instead of passing outward through the 
side of the coil [see Fig. 140]. As the diaphragm swings farther 
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away less force lines thread the coil, more passing out at the 
side. 

5. Increasing force lines threading the coil produce an anti-clock- 
wise induced current, and decreasing force-lines produce a clockwise 
current. 

6. This induced current passes around the magnet at the receiv- 
ing end first to strengthen the magnetism by adding its force lines 
to those of the magnet, and second, to weaken the magnetism by 
subtracting its force lines from those of the magnet (by sending them 
in the opposite direction). 

7. This increasing and decreasing of the magnetism at the hear- 
ing end draws forward and releases the diaphragm so that it vibrates, 
if the apparatus is perfect, just like the diaphragm at the speaking 
end. 

8. The like vibrations of the second diaphragm produce as an 
effect sound waves in the air like the causal air sound waves at the 
speaking end. 

9. These sound waves strike the outer membrane of the ear of 
the listener, and are heard as the primary air sound waves would be 
heard. 

Soon after the invention of the telephone, it was 
found that it was better to use a (different instrument 
at the speaking end, especially for long distance work. 
Indeed, the simple Bell telephone, as represented above, 
because of the exceeding weakness of the induced cur- 
rent, will work only on short distances. This instru- 
ment is called a Transmitter, and its operation involves 
the use of a battery or other " generator." Its prin- 
ciple is that of the Microphone' [which see in larger 
text-books]. Variation in the pressure with which 
two carbon terminals behind the diaphragm are held 
together causes the resistance to vary greatly. For 
this reason the current will vary greatly and in pro- 
portion. 
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The Blake Transmitter with connections is shown in Fig. 243. 

The current from the battery F passes through a primary coil be- 
tween P and P^ to 
the insulated spring 
£ through the carbon 
terminals C, from the 
heavier spring 1/ back 
to the battery F. A 
secondary current SS' 
passes over the line 
wire to a station in 
which the apparatus 
is duplicated ; but the 
hearer places his ear 
to the Bell receiver 
corresponding to R. 
As the diaphragm D 
vibrates, the varying 
pressure gives a vary- 
ing primary current 
and consequently a 

varying secondary. This varying secondary produces vibrations in 

the receiving diaphragm. 

The Phonograph is an instrument for recording and reproducing 
sound waves. The principle upon which it acts is very simple. 
Fig. 244 represents the vibrating diaphragm D, the attached " style " 
S, and a portion, C(7, of the wax covering the hollow cylinder 
upon which the style makes indentations, when- 
ever sound waves strike the diaphragm. The 
cylinder is steadily revolved with a progressive 
forward motion, causing the style to trace the 
indentations in an open curve from one end of 
the cylinder towards the other. Whenever the 
sound is to be reproduced, the style and cylinder are brought into 
the same relative position as at the beginning, and the cylinder is 
again revolved. The style rising and falling as it passes along the 
curve of indentations causes the diaphragm to vibrate as before. 
This produces secondary sound waves in the air like the causal and 
primary waves. 



Fifir. 243. 




Figr. 244. 



SOUND. 273 

Note. — The characteristics of soundwaves may be studied by 
means of sensitiye flames. The peculiarities of different sounds 
are thus made visible. See Tyndall on Sound, and larger text-books. 

QUESTIONS. 

1. What is the condition of a sonorous body? 

2. Upon what does the intensity of sound depend ? 

3. Define pitch, quality, resonance, echo, sympathetic vibrations, 
wave-length, interference, siren, node, overtone. 

4. What effect has a rise in temperature upon the velocity of 
sound in air provided the barometer remains the same ? 

(6) What effect if the barometer falls and the thermometer re- 
mains the same ? Why ? 

5. If the tube giving the best resonance for a fork is 13 in. deep, 
and the temperature of the air is such that the velocity of sound is 
1116 ft- per second, what is the vibration-number of the fork ? 

6. The vibration-number of a fork is 384; what is the depth of 
its resonance tube, if the temperature of the air is 0°? 

7. We hear the whistle of an engine 5 sec. after the jet of steam 
is seen, and the temperature is — 10° C. How far off is the engine ? 

8. In what three ways may I raise the pitch of a given string one 
octave ? 

9. How are pianos " tuned " ? (6) Closed organ pipes ? 

10. A string with a tension of 16 lbs. gives E. What tension 
must be placed upon it to give A ? 

11. What is the difference between overtones and harmonics ? 
(6) What is meant by playing in harmonics ? 

12. When the wind is blowing against the sound waves produced 
by a bell, why can one on the top of a tower sometimes hear the 
bell distinctly, while one at the bottom cannot hear it at all ? 

13. Why is the pitch of the bell of an approaching engine higher, 
and that of a departing engine lower, than the tone when the engine 
is standing still ? [Compare approaching and receding stars under 
spectroscope.] 

14. Why does the listener at one end of a long pipe hear two 
blows when only one is struck at the other end ? 
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15. The report of a gan returns to the gimner in 2| seconds, how 
far ofif is the reflecting surface, provided the temperature isQP? 

16. If lycopodium powder is sprinkled over the inside of a long 
glass tube, and the tube be made to resound by blowing into one end 
of it through a whistle, why does the powder gather into heai>s 
along the tube? 

17. What are Helmholtz^s resonators used for ? 

18. In what one or more of three ways do the vocal chords of a 
bass singer differ from those of a tenor singer ? 

19. Give a good substitute experiment in place of one used in 
this chapter. 

20. This chapter on Sound might have followed the chapter on 
the Pendulum. Can you think of any reason for placing Sound 
after Electricity ? (6) For placing Sound after Light ? (c) For 
placing Light after Sound? 
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SECTION I. 

TOOLS, APPARATUS, ETC. 

1. Among the tools and apparatus most needful may be 
enumerated a good knife, hammer, large and small screw- 
driver, fine-toothed saw, key-saw, flat, triangular, and rat- 
tail files, miter-box, a square, pair of pincers with cutting 
edges combined, pair of scissors, gimlets, bitstock and bits, 
set of awls with stock, half-inch and quarter-inch chisels, 
vise, a pair of compasses, calipers, small grindstone, small 
turning-lathe with tools, small emery wheel, soldering kit, 
a steel glass-cutter, a brass protractor, a bottle of liquid 
glue, etc. 

2. For the more expensive apparatus may be mentioned 
(with approximate cost) an air pump, $25 ; a pair of scales 
with two sets of weights, 1 mm. to 1 kg., and 1 gr. to 1 lb., 
$25 ; a Toepler-Holtz or a Wimshurst machine, $35 ; a dy- 
namo, $45; and a spectroscope with a scale attachment. 



3. Cheap apparatus is easily obtained by visiting the 
grocer's, tin-smith's, plumber's, locksmith's, glazier's, hard- 
ware merchant's, brass works, junk shops, etc. This in- 
cludes lamp-chimneys, broken glass for the sides of tanks, 
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and for other apparatus whose inside must be seen, screw- 
eyes for " leveling screws " and for innumerable other uses, 
copper rivets with washers for "binding posts,^' brass 
screws, copper tacks, iron screws, nails, brads, double- 
pointed tacks, bullets, short brass rods, etc. Dealers are 
often more than willing to give such things for the benefit 
of the school, especially in the smaller towns. 

4. For cutting holes in rubber corks, hollow tubes of 
brass or iron, sharpened inside at one end with a rat-tail 
file, may be used. Often one-half of the cork answers the 
purpose, and saves much work in boring. Two tubes of 
different sizes will be handy for cutting leather washers. 

5. Kound hollow brass buttons are excellent for knobs 
on frictional apparatus. 

6. In boring glass, pieces of small rat-tail files set in the 
lathe will do well. These should be wet with turpentine, 
and occasionally a bit should be broken ojff the boring end. 
Glass may be bored very rapidly in this way, a larger file 
being used after the hole is through. 

7. To cut a glass tube, break the surface on one side 
with a three-cornered file, and, placing the two thumb-nails 
precisely opposite, break. Before running these cut tubes 
through corks or into mbber tubes, fuse them slightly at 
the ends to prevent their cutting the cork or tube. In 
bending a long glass tube heat some three inches, at least, 
of its length. 

8. Before putting hot sealing-wax on glass warm the 
glass slightly. 

9. To prevent temporary leakage of air through sealing- 
wax into a partial vacuum, vaseline or paraffine the wax. 
For such vessels, however, cement of the right hardness 



APPENDIX. 277 

should be used, and for permanent unions generally cement 
is to be preferred. 

10. Very delicate dynamometers may be made by coiling 
fine spring brass wire and setting the coil into a frame with 
a pointer attached. Care must be taken not to strain the 
spring beyond its limit of elasticity. A dynamometer may 
be made roughly self-registering when used horizontally 
by carefully adjusting a very light strip of wood moved by 
the pointer. 

11. Other freezing mixtures, as sodium phosphate (9 
parts) and dilute nitric acid (1 part) may be used. These 
may be found more convenient in summer in a very few 
places where the ice man is farther away than the druggist. 
For the composition of other freezing mixtures see the cy- 
clopedia. Salt and ice properly mixed, and in quantity, 
give a temperature of — 22°, but of course the pupil will 
fail to get so low a temperature. 

12. To make soft iron, keep iron red hot for some time 
in charcoal coals, and, removing, cool slowly. To harden 
iron or steel, heat to the red heat and plunge suddenly into 
cold water. 

13. In diluting sulphuric acid pour the acid into the 
water and not the water into the acid. In the later case 
the layer of water next to the heavier acid gets heated and 
may produce a bad spattering of the acid and water. Dilute 
in a porcelain or annealed glass dish. This will stand the 
heat developed. 

14. Raw silk threads from a cocoon are best for sus- 
pending a needle. A jeweled needle from a small com- 
pass is excellent for a galvanometer needle. It is better to 
pivot than to suspend the needle for this purpose. A piv- 
oted needle does not get out of order so easily. 
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15. A current reverser is easily made by arranging two 
switches, S and S\ as shown in Fig. 245, between two 

sets of binding posts, AB and CD. 

f^^^A The dotted connector (a flat strip 

j of black walnut), moving between 

j two stops, turns both switches at 

)[ I j , the same time and prevents short 

• — ^^^^— C!;r5f^"^""n circuiting. By moving the strip 

^ but half way between the stops, 

Pigr. 245. the circuit is broken. When used 

in connection with a low resistance galvanometer, the wires 

connecting the binding posts should be very coarse. Brass 

tacks with broad heads answer well for switch-points, and 

brass screws or binding posts with double copper washers 

hold well the lever of the switch. In all accurate work 

the current should be reversed through galvanometers, and 

the average deflection taken. Gravity cells, when not in 

use, should be kept closed through a high resistance coil of 

fine German silver wire (500 ohms). 

16. To darken the room, arrange a curtain of black cloth, 
A, Fig. 246, outside 

the ordinary curtain, i B 



B, wider (by six inches 
on each side) than the ^^^- ^^®' 

window, and sliding in wooden pockets, CC, surrounding 
the window, the pockets being painted black inside. This 
makes an exceedingly convenient method of darkening the 
room at will. Excellent concave and convex mirrors may 
be made from watch crystals by covering on the convex 
side for concave mirrors (and vice versa) with soft tin foil 
coated with mercury. The glass must have been pre- 
viously well cleaned and warmed. The mirrors should 
then be well dried, and mounted in wooden frames. 
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Cheap "magnifying lenses" (convex) are easily obtained 
from the dealers, either mounted or unmounted, or 
from photographers. The eye-piece of the operarglass 
is a concave lens. Glasses for the near-sighted are also 
concave. 

17. The frontispiece, of course, represents the spectra 
only approximately. Bands of light without distinct lines 
appear in nearly all. This is especially noticed in the 
potassium. 

18. In Fig. 188 the arrows are arranged to show the 
direction of the current when the apparatus is used as a 
motor. The same is true of the + and — poles of the soft 
iron core of the armature. When used as a dynamo, the 
current in the armature during the movement through the 
first quarter tends to make the upper pole positive, while 
the field magnet tends to make it negative. 



SECTION II. 

MENSURATION RULES. 
D = diameter, C = circumference, and R = radius ; h = altitude* 

1. 71= 3.1416. 

2. C = 7i2). 

3. Area of triangle = base x J ^. 

4. Area of circle = i nD^ or nR^, 

5. Area of ellipse = product of axes X i tt. 

6. Surface of sphere = nD^ or 4 nR'^, 

7. Volume of sphere = i nB^. 

8. Volume of pyramid or cone = area of base x ^ ^. 

9. Volume of a cylinder = area of base X h. 

10. Volume of material forming hollow cylinder = difference 
of areas of basal circles X h. 
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11. Volume of the frostum of a pyramid or cone = J A X [area 
one base + area other base + the square root of the product of the 
two areas]. 

Note. — The area of a circle whose diameter is 1 is J of » (.7854). The 
volnme of a sphere whose diameter is 1 is i of v (.5235). 



SECTION III. 

RELATIVE DENSITIES (Sp. Gr.). 



SOLIDS. 

Aluminum 2.67 

Beeswax 96 

Brass (cast) 8.38 

Cedar 55 

Cork (air driven from pores) .24 
Copper (sheet) .... 8.89 

Diamond 3.53 

Glass (crown) .... 2.52 

Glycerine 1.26 

Gold 19.36 

Human body 89 



Ice 



.92 



Iron (bar) 7.79 

Iron (cast) 7.23 

Lead (cast) 11.36 

Magnesium 1.75 

Oak, white 78 

Pine, yellow 46 

Platinum 22.06 

Potassium 86 

Silver (cast) 10.47 

Sulphur, native .... 2.03 
Tin (cast) 7.29 



Zinc (cast) 7. 



Alcohol, absolute , 
Alcohol, common . 
Carbon, bisulphide 
Chloroform . . . 
Ether 



LIQUIDS. 

.80 
.83 



1.29 

1.53 

.72 



Mercury I3.59 

Milk 1.03 

Olive Oil 91 

Sulphuric Acid .... 1.84 
TVater, distilled, 4° . . 1.00 

Note. — Different specimens of the same material will vary slightly 
in density. All tables are more or less approximate. 

GASES. 
Standard : air atO° C; barometer at 760 mm. 



Air 1.00 

Carbon dioxide . . . 1.53 
Chlorine 2.45 



Hydrogen 069 

Nitrogen 971 

Oxygen 1.105 
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SECTION IV. 



NORMAL MELTING POINTS. 



Alcohol -130^0. 

Beeswax 62. 

Brass 1020. 

Butter 33. 

Fusible Metal . 91° and upward 
Gold ...... 1250. 

Ice 0. 

Iron .... 1500 to 1600. 

Lead 334. 

Mercury —39.5 

Note. — The solidifying point is the same as the melting point, i.e., 
they are so nearly alike that we have no means of measuring the differ- 
ence between them. If freed from air and kept veiy still, water may be 
cooled far below its normal freezing point before solidifying. At the 
slightest disturbance such water at once solidifies with a rapid rise in 
temperature to 0°. Pressure also affects the melting or solidifying points. 



Platinum . . 1775° 


to 2000° 


Potassium .... 


62.5 


Saturated Solution NaCl 


-22. 


Silver 


1000. 


Sulphur 


115. 


Tallow (fresh). . . 


43. 


Tin 


235. 


Turpentine .... 


-27. 


Zinc 


433. 



SECTION V. 



SPECIFIC HEATS. 



SOLIDS. 


LIQUIDS. 


GASES.^ 




Aluminum 


. .212 


Alcohol . . .597 


Air .... 


.237 


Bismuth . 


. .029 


Lead (melted) .040 


Chlorine . . 


.121 


Brass . . 


. .085 


Mercury . . .033 


Steam . 


.481 


Copper . . 


. .093 


Turpentine . .432 






Ice . . . 


. .504 


"Water . . 1.000 






Lead . . 


. .031 









Note. — For the purpose of the solution of problems more readily, the 
specific heats of ice and steam may be taken as .5. 



1 With pressure constant. 
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SECTION VI. ^ 

NORBCALr BOILING POINTS (Barometer 760 mm.). 



Water, distilled . . . 100.° 

Saturated solution Na CI 102. 

Saturated solution ENOg 116. 

Saturated solution CaCl2 1T9. 



Alcohol 78°. 4 C. 

Ether 34.9 

Mercury 350. 

Sulphur 448.4 

Sulphur dioxide . . — 8. 

Note. — Water, if freed from air and kept very quiet, may be raised 
far above its normal boiling point without ebullition. If disturbed, it is 
then likely to boil with explosive violence. The nature of the material 
of which the containing vessel is made, and other causes not mentioned 
in this book, influence slightly the boiling point. 



SECTION VII. 

LATENT HEAT OF LIQUEFACTION AND VAPORIZATION. 

• LIQUEFACTION. 



Beeswax 97.2 

Lead 5.4 

Platinum 27.2 

Potassium nitrate . . . 47.4 



Sulphur 9.4 

Tin 14.3 

Water 80.0 

Zinc 28.1 



Alcohol 
Ether . 
Mercury 



VAPORIZATION. 

. 202.4 
. 90.4 
. 62. 



Turpentine 74. 

Water 537.^ 



SECTION VIII. 



COEFFICIENTS OF EXPANSION. 
LINEAR. 

Lead 279 

Platinum 086 

Silver 194 

Steel, tempered .... 132 



Aluminum 0000222 

Brass (ciphers omitted) 188 

Copper 187 

Glass 086 

Iron (cast) .... 113 

* According to Andrews, 535.9. 
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CUBICAL. 



Gases 003667 

Alcohol (ciphers omitted ) 1080 
Glass 0025 



Mercury . . . 
Turpentine . . 
Water (4° to 100*^) 



0181 
1050 
0449 



SECTION IX. 



CONDUCTIVITY FOR HEAT. 



Bismuth 1.8 

Brass, polished .... 33. 

Copper 77.6 

Iron 11,9 



Lead . . . 
Platinum . . 
Silver, polished 



8.5 
8.4 
100. 



SECTION X. 



NATURAL TANGENTS. 



DRO. 


TANti. 


DEO. 


TANG. 


DEO. 

31 


TANO. 


DEO. 

46 


TANG. 


DEO. 

61 


TANG. 


DEG. 

76 


TAMO. 


1 


.017 


16 


.287 


.601 


1.036 


1.80 


4.01 


2 


.035 


17 


.306 


32 


.625 


47 


1.07 


62 


1.88 


77 


4.33 


3 


.052 


18 


.325 


33 


.649 


48 


1.11 


63 


1.96 


78 


4.70 


4 


.070 


19 


.344 


34 


.675 


49 


1.15 


64 


2.05 


79 


5.14 


5 


.087 


20 


.364 


35 


.700 


50 


1.19 


65 


2.14 


80 


5.67 


6 


.105 


21 


.384 


36 


.727 


51 


l!23 


66 


2.25 


81 


6.31 


7 


.123 


22 


.404 


37 


.754 


52 


1.28 


67 


2.36 


82 


7.12 


8 


.141 


23 


.424 


38 


.781 


53 


1.33 


68 


2.4S 


83 


8.14 


9 


.158 


24 


.445 


39 


.810 


54 


1.38 


69 


2.61 


84 


9.51 


10 


.176 


25 


.466 


40 


.839 


55 


1.43 


70 


2.75 


85 


11.43 


11 


.194 


26 


.488 


41 


.869 


56 


1.48 


71 


2.90 


86 


14.30 


12 


.213 


27 


.510 


42 


.900 


57 


1.54 


72 


3.08 


87 


19.08 


13 


.231 


28 


.532 


43 


.933 


58 


1.60 


73 


3.27 


88 


28.64 


14 


.249 


29 


.554 


44 


.966 


59 


1.66 


U 


3.49 


89 


57.29 


15 


.268 


30 


.577 


45 


1.000 


60 


1.73 


75 


3.73 


90 


00 
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SECTION XI. 



SPECIFIC ELECTRICAL RESISTANCES. 



BOLW8. 



Silver 

Copper 

Zinc 

Brass 

Platinum 

Iron 

German Silver 

Mercury 



8ILVKB 


COPPKB 


8TANU- 


BTA'ST^- 


ABD. 


ABD. 


1.00 


.94 


1.06 


1.00 


3.74 


3.53 


3.81 


3.59 


6.02 


5.68 


6.46 


6.09 


13.91 


13.12 


63.24 


59.66 



FLUIUS. 



Nitric acid 
Sulphuric acid 
Sat. Sol. NaCl 
Sat. Sol. CUSO4 
Distilled Water 
Glass 

Gutta Percha ) 
Dry Air ) 



8ILVEB 8TAJ4UABP 
MILLIONS. 



1. 

2. 

3. 

18. 

10000. 

15 million. 

Much greater 

than the last. 



Note. — According to the definition of ohm used in this hook, it will 
he much more convenient to use the unusual copper standard for specific 
resistances in all problem work. These figures may represent ohms for 
a given length and diameter of wire made of the given material. The 
resistances in the right-hand column are expressed in millions of ohms. 
Different specimens of the same alloy vary widely in specific resistance. 



SECTION XII. 



ABSOLUTE INDICES OF REFRACTION, D LINE. 



Air 1.0(»294 

Alcohol 1.36 

Carbon bisulphide . . 1.63 

Crown glass .... 1.52 

Diamond 2.65 

Flint glass .... 1.61 



Glycerine 1.47 

Ice 1.31 

Iceland spar (ordinary) . 1.65 

Iceland spar (extra, ray) . 1.48 

Selenium crystals . . . 2.94 

Water 1.33 



Note. — The relative index of refraction for air into the substance 
is found by dividing the absolute index (for a vacuum into the substance) 
by the absolute index for air. This relative index differs, as is easily 
seen, only slightly from the absolute index, because the absolute index 
for air exceeds unity by so small an amount. 
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SECTION XIII. 



VELOCITY OF SOUND AT 0' C. 



FEET PER SECOND. 



Air 1,093 

Ash (with grain) . . . 15,314 

Chlorine 677 

Copper 11,666 

Glass 16,488 

Gold 5,717 



Hydrogen . 
India Rubber 
Iron . . . 
Lead . . . 
Steel . . . 
Water . . . 



4,163 

197 

17,822 

4,030 
17,182 

4,586 



SECTION XIV. 



MISCELLANEOUS APPROXIMATE EQUIVALENTS. 



1 m. = 3.28 ft. =39.37 in. 

1 ft. = 3.048 dcm. 

1 in. = 2.54 cm. 

1 sq. m. = 1.196 sq. yd. 

1 sq. ft. = 9.29 sq. dcm. 

1 sq. in. = 6.45 sq. cm. 

1 kg. = 2.2 lbs. Av. 

1 lb. = A: kg. 

1 cu. m. = 1.308 cu. yd. 



1 cu. ft. = 28.32 cu. dcm. 

1 cu. in. = 16.39 cu. cm. 

1 cu. cm. = .061 cu. in. 

1 liter (1 cu. dcm.) = 1.057 liquid 

quarts. 
1 liter = .908 dry quarts. 
1 gallon = 3.785 liters = 231 cu. 

in. 
1 liter = 61.027 cu. in. 



INDEX. 



PAtiK 
ABSORPTlOlf 23 

Achromatic lens 242 

AdhesioD 23 

Air pump 35 

Ammeter 185 

Annandator 195 

Arc liglit 194 

Archimedes* principle 50 

Aurora borealis 146 

* Bark.bb'8 mill 42 

Barometer 37 

Battery 162, 164, 168, 169 

Beats 267 

Boiling 127,282 

Boyle's law 44 

Brittleness IS 

Camera 218,233 

Capillarity 24 

Center of gravity 92 

Chromatic aberration 242 

Cohesion 23 

Coercive force 155 

Coils 172, 180, 204 

Color 244 

Compressibility 12 

Condenser 42, 143 

Conductivity 167, 178, 283 

Couple 09,97 

Consequent poles 152 

Critical angle 231 

Declination 160 

Density 14, 49, 280 

Dew 130 

Dialysis 26 



PACK 

Diffraction 248 

Diffusion 25 

Dispersion 237 

Distillation 30 

DivisibiUty 13 

Ductility 19 

Dynamo 206 

Echo 257 

Elasticity 19,21 

Electric bell 187 

light 193 

Electrical machine 141 * 

Electricity, static 137 

voltaic 162 

Electrophorus 141 

Electroplating 197 

Electrolysis 196 

Electroscope 139 

Energy 63, 77, 88, 134 

Equilibrium . . . . 68, 70, 95, 106 

Evaporation 131 

Expansibility 12,282 

Extension ' 9 

ICxtra currents 203 

Eye 235 

Falling bodies 82 

Floating bodies 56,96 

Fluids 29 

Force 61.62 

lines 156 

pump 41 

centrifugal 73 

Fniunhofet-'s lines 241, 6 

Freezing mixture 124 

Friction 112,116 
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PAGB 

Galvanometer 176 

Galvanoscope 171 

Gases 29 

GeiBsler's tube 146 

Governor 133 

Gravitation 15 

Gravity cell 164 

Hardness 19 

Harmonics 264 

Heat 116 

Absorption 126, 131 

Conduction 117 

Convection 117 

Latent 122 

Mechanical equivalent ... 133 

Radiation 116 

Specific 124 

Kinetic theory 115 

Helmholtz's resonators .... 268 

Horse-power 80, 208 

Hydraulics 29 

Hydraulic ram 112 

Hydrometer 54 

Hydrostatics 29 

Hydrostatic press 1 10 

Impenetrability 10 

Inclined plane 108 

Indestructibility 10 

Index of refraction 227 

Induction 140,201 

Inertia 14,61 

Insulated post 187 

Interference 260 

Latent heat 122, 129 

Leclanche cell - . . 169 

Lenses 232 

Lever 106 

Leyden jar 142 

Light 212 

Diffusion 220 

Dispersion 237 

Reflection 219 

Refraction 226 

Lightning rods 146 

Line of direction 94 



PAGK 

Machines 105 

Magdeburg hemispheres .... 36 

Magic lantern 234 

Magnetism : 149 

Malleability 18 

Mariotte's Xfvtr 44 

Melting points 281 

Meteorology 130 

Microscopes 236, 242 

Mirrors 221,223 

Moment 68 

Momentum 62 

Motion 61,82 

Motor 207 

Musical scale 262 

Nodes 263 

Octave 261 

Ohm's law 168 

Optics 212 

Osmose 26 

Overtones 263 

Pascal's law 39 

Pendulum 100 

Phonograph 272 

Pitch 261 

Pneumatics 29 

Polarization 164, 248 
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